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EDITORIAL NOTE. 


In reporting progreas, I have to state that the portion of this Dictionary now 
published is of sufficient extent to render apparent, by examples, the plan and 
scope of the whole work, the Second Division of which, contained in the present 
volume, supplies specimens of extensive articles on leading branches and important 
departments of engineering skill and industry. For instance, the article on 
Boilers, which treats of the generator of the motor Steam, occupies 90 pages, 
and is illustrated by 140 suitable engravings on wood; the article on Boring 
AND Blasttno extends over 85 pages, and Ls illustrated by 148 wood engravings. 
Brake, with its 69 cuts, makes 44 pages. In the present volume, Bridor and 
Bridge-buildino; with the accompanying 120 wood engravings, take up 150 
pages. Many other articles might be named that occupy more space tlian one 
of the current semi-monthly parts. A slight inspection will show that this 
Dictionary will be amply illustrated, as the First and Second Divisions, occupying 
768 pages, contain 1575 practical diagrams and working designs. 

The practical mechanic or engineer — especially if he has neglected to study 
mathematics, abstract mechanical principles, chemistry, orthographic and other 
projections — should pay particular attention to the articles on Algebraic Signs 
and Atomic Weights ; Acceleration, p. 7 ; Air-chamber, p. 34 ; Angle- 
brackets, p. 91 ; Angular Motion, p. 103 ; Boiler, pp. 395, 416 ; 425, 735 ; 
Boring and Blastino, p. 572; Brake, p. 618; Bridge, pp. 665, 683; Note 
on Trignnomdry, p. 688 ; Spiral Surfaces, p. 728. 

Many original investigations and solutions of important mechanical problems, 
not to be found elsewhere, are and will be given in this work; see pp. 46, 236, 
429, 619, 629, 665, 764. 

Among the subjects which will be immediately treated of I will name the 
following : — The Mining, Metallurgy, and Working of Copper ; Coast Defences ; 
Cotton Machinery; Casting and Founding; Cranes; Coal-working Machinery; 
Caisson ; Cements ; Concrete ; Cams ; Cork -cutting Machinery ; Cask Machinery ; 
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EDITORIAL NOTE. 


Chimneys and Chimney Shafts ; Details of Engines ; Drilling Machines ; Dyna- 
mometers; Draw -Bridge; Distilling; Docks; Dredging Machines; Drainage; 
Diving Apparatns. 

The proprietors of inventions and of important machinery in active operation, 
which possess phases of interest but little known, are invited to forward to me 
Plans and Descriptions of such specimens of skill and ingenuity that may appear 
suitable to the character of this work. Communications not made use of will be 
returned after the work is completed, and all contributors will receive due credit 
for their contributions. 

OLIVER BYRNE. 
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The cboioo of a deck-Uno haa everything to do with the ueefnlnew of a abip for ita pnrpcwe, 
more eTOU than her behaTioor at aea. This main or conatruction deck ia, in tonall Tcaattlj*, tlia 
nppermodt dock, but in larger venaeU there U a ^«r-dcck above it: in a thretMlecker there are 
three dccka abovo it, and in the GREAT EASTERN there are four docks above it and four 
below. Am a yreneml rule also, when a veaael ia deeply laden, this dock la an eighth or a tenth of 
the beam of the ship almvo the water. 

A little consideration of the purposes a main-deck has to serve will help to indicate )mw 
various its sluiint should be. In a vesiHd meant to be fast, one would wish its point to l>e like 
tile rest of the bow of the ship, tino and sharp, because, if we put a full and bluff dock on the top 
of a fine fast bow, we not only give the vessel iiuiny bad qualities in pitching in a si'a, but the 
fulness of the dock-Hne will be continually taking s|>eed from the ship whenever the sea meets it, 
and so counteracting the very quality wc meant to gain by giving a sharp liow under aab^r. This 
argument in favour of sharpness ap|>ears at find sight inconsist4mt with tite tjuality of a roomy 
fonMieck, which is to bo obtained by a groat, broad, boU-mouthed bow, flaring out wide over the 
surface of the water. Such a bow the old school and our Dntch neighbours dearly love and still 
believe in : and we should never liave succe>odod in introducing the fine sharp dock aloft, in opposi- 
tion to the traditional prejudices and professional proverbs, in which the wisrlom of seamen has 
come down to us, but for the fact, that the full pndecting deck-line aloft has l>een found fatal to 
speed, and especially to s|knx 1 in bad weather. There can be no doubt that in fine weather a 
large roomy Ixiw on deck is a handsome and agreeable thing ; all tlic work of the ship can be done 
in it comfortably and hanilily. There is room for everything, and to spare; nothing is huddled 
up, and you can get freely about everything : all this can be said with great plausibility and some 
truth, and it is still more applicable to a ship of war than to a merchantman, ljeoaus(% in chasing, 
it is desirable to lay two long guns ]jarallol to oacii other in the line of the keel, and to be able 
to nm them out through two oow |>orts, clear of everything, and fo work thorn comfortably in that 
position. It was long preh'TKle<l that it was imfjowtble fo do (his on a sharp, fine dock-line, and 
for many years did Admiral Berkeley delay the improvement and stop the s|>ce<l of our finest 
■hips, for this crotchet, which in the end tumiil out to be a crotchet, and nothing more. 

The simple fact la, tliat the momtntas. dryness, and comfort of a full dcek-lino, instead of a 
fine one, is, impression or belief, and nothing nmro. If you imagine that a fine Ik)w is got by 
cutting so mucl) room off a full bow, and so diminishing the extent of available <look-room for 
working the ship, you may consider the fine bow as narrow, confined, and inconvenicul ; but the 
practical fact is the contrary to all this. The fine deck-line of a modem fast ship is not got by 
cutting an^hing off tlie length, or off the width, or off the roominess of a deck; the slinrp )s>w is 
got bv adcling on a fine entrance tu a bluff one, and by lengthening the deck : the full parts of 
the ship and of the licck remain where they were. All that is nw^sary, therefore, is to take 
care that the work and working parts of the ship shall, in the fine bow, be kept well back in the 
broad oj>en space of tbe deck, and not crammed forward into the narrow s])aee. which has been 
supcraddcxl, and which should be kept perfectly clear anti unham|>ered. It is also a further 
peculiarity of the fine bow and fine deck-lino, that (he foremast stands much farther aft than in 
the old full bow, and that there is, therefore, more room before the mast : care must, therefore, bo 
taken to keep wtndlasit caiwtan, cathcmls, anchors, and all the working parts in the bf>w, well 
aft, — not to give room merely, but also to keep heavy weight, as it always ought to be kept, out 
of the extreme bow of the ship. 

There is another way of looking at this matter. I am very fond, says Riimcll, of covering in the 
whole of the fine part of a deck forward with a light forec^le bulkheadM off, especially in iron 
ships. It is a great convenience, and forms capital quarters for the crew : it keeps the hi«d light 
and dry; and immediately almft the forecastle a broad, roomy deck is still to be found. But there is 
another way of giving a roomy deck, that is, a wide one, on a sharp-bowed vessel. I have done it in 
vessels of war with |>erfect success, so as to nuiko an extremely fine bow carry two long 8-in. guns 
|Mirmllel to the keel, through two cr>mfortable jKirts, with ample room all round to work and train 
them freely. Tliis I did by shortening the deck, or stopping it very much short of the bow, 
carrying the bulwark round tbe bow considembly laihind the stem : the real deck beyond the 
bulwark forming part of the bead, which, instead of being grated and overhanging the sc-a, ha<l a 
solid oak dock over the greater part ofni, leaving the head as convenient as l>efore for all practical 
uses. In this way the bulwark of the deck left the real line of the ship 30 ft. slinrt of the stem, with 
a fine, round, roomy deck to delight the heart of a commander of the ohl school, by giving him all 
he wanted on the inside, without impairing the form, which the sea dcmandecl, on the outside. 

There is yet another way of planting a full, round, capacious deck-line on a fine, hollow, fast 
water-line, and yet tcrfoctly reconciling them to one another, so as to form a handsome, sym- 
metrical, sea-going ship. This is to carry out the tumbhvhomo bow. f)f this system I am a warm 
advocate; it makes a vessel dry, easy, and safe. For a long time there has becu much prejudice 
against it. The rising generati<»n will pnibably mlopt it largely ; for the length and oixe of 
vessels will increase rapidly, and render it unnecesMary to seek room by means of an exaggerated 
bow-line over a fine water-line. To carrj* out projierly this system of tumbli‘-home bow, it is only 
Dreeasar}’ to take a tolerably full, easy <f<ck-line, o*mpos«l of two circular or two pamlsdic arcs, 
laying tliem over the water-line, and far behind it, as to be easily reormcited with it, by nn^ns 
of the cycloidal buttock-line : a process which will be guided, in a great measure, by the point at 
which the cycloidal buttock-liiic, already drawn, meets the level of the deck. 

In the stem, there is even greaU^r scope for management and fitting fi'r use. I !>clicvc in large, 
capacious, rr*omy stems. I think nvim can b*‘ gt>t there with less cost and snorifice than in any 
other jiarl of the vessel ; an«l hence the stems of my ships have been colled, by those who delight 
in amoll, narrow stems, “Sentt-RusseU’s ugly stems.” A small, hnmletouie, light, little stem, may 
U* eyesweet and pretty, but, fo my mind, it is a <vjstly whim. 1 scanHily know ony gissl (prnlity of 
a ship which is not improved, or any economy which ia not cnhauctxl, by a large, roomy stem and 
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derk-lin(«. In n mcrchnntmftn it gives Inrge 
pAssenger cabins, airy as well as roomy, and in 
that (Mirt of a ship which imys the owner best. 
In a ship of aar it gives a magniflcent roncuy 
poop, ami plenty of s(iace for working the stem 
rans : whicli however are, j^rhniia, seldom wanted 
in a British ship of war. There is yet this further 
rccomnieiidaticin lieyoml all, — that the roominess 
and fulness of the stem in the neighbourhood of 
the deck-line is the greatest element of safety 
in the ship’s moat perilous position, of running 
b(‘ff>re a heavy wind in a storm, and in most 
circumstances it may be used with advantage to 
enhance the stability and sea-going qualities of 
tlio ship. 

The best way to turn the stem to advantai^ 
for room and wbolcsomenoaa, la to carry uie 
breadth on deck well aft, to taper the ship in 
towards tho stem but little, and even, if neces- 
sary, to carry the pitncction of the stem a good 
way abaft and beyntKi tlie perpendicular, follow- 
ing, however, and not extending beyond, tho 
vertical bnttock-Iine already given. Hero wo 
may steal a great deal of room from the sea. 

An early question arisoa : Shall we make tho 
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lenjrth, and without mtich owhftn^n<» counter, I 
cannot »tx nnv harm likely to ari.-a* from carryintf 
the ftill hreadtii of the deck aniid(ilii{i« ri^h't aft 
to the stem, with merely auJfioient curvature to 
Ifive an ojrreoaMe line. 

The com|>l<‘tinn of the design now ro«}nire8 us 
to reconcile thi-se four ruling lines of the ship 
w’ith one another, lu tbia o|iemtion, what tho 
constructor miiht keep mainly in view, is to ex- 
tend, as far os possible, through all the remaining 
lines of the ship, the good qualities which have 
Ix'en estahlislie<! in the ruling lines. 

To (‘onsfruct the reinttimn'j ir«j/cr«/inrs.— It is 
most desirable that tho waterdinea of Uie entrance 
should bo as exactly as (loseible of the same 
h>rm, on re«liiced brcmlth, as the main water-line. 
There will l>o some difliculty in doing this, espe- 
cially near tho keel : and tfie tendency of th€«e 
lines will !>e to elongate tbomsolves forward. 
This is to bo avoided. 

Tho remaining watnr-lines of tho aftor-ltodj 
are to be coustructMl on nearly an opposite prin- 
ciple. They are to deviate rapidly from the chief 
water-line of the after-body alrcfuly diuam; and 
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Length on load wntcr-line .. IVJ 

Bretdth estrems 2t 

l>epth at ihe tide 16 
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this thev will do naturally, because the main 
buttock-line, which niles tho after-body, compels 
tho water-linos to incn«se rapidly in Oneness, as 
they go down in the water, and to extend rapidly 
in fulness, as they rise to the surface: thus 
giving what I believe to be tho l^est kind of stem, 
namely, very fine l»elnw and very full above. In 
this respect it is a contrast to the Itow, which is 
kept ns full as may be, or>Dsistently with the chief 
water-lino, all the way down. 

It is desirable to have at least three complete 
water-lines, in onler to form a first approximation 
to the complete calculation of tho ship. 

On the Compteli'M of the Vertical Crofs-eertiotu^ 
or — The crosfrsoctions are all to be 

regard*^ as midship sections modified, but each 
of them giving, to the part of the ship whore 
it lice, qualities which cither enhance good 
qualities of tho midship section, or impair them. 
A vessel, with a fine, powerful midship section, 
may easily bo impair*^ by feeble oiula. and a 
weak midship section may t>e reinforced by good 
cMMs-aectirms. es|MX‘iHlly in the after-body. What 
the designer has to bear in mind, then, is to study 
how far he can enhance, support, and carry out 
the qualities of tho main roidship section in tho 
rt‘st of the body. In this attempt he will bo 
materially aide^ by tho choice which he makes 
of that croas-section which passes through tho 
after-perpendicular. To this frame, being abso- 
lutely out of the water, be is free to give any 
2 c 2 
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ahape ho pleases ; and having fixed this, he will 
find that, with the main buttock-Iioe, it rules the 
entire form of the after>body^, ami also controls 
moteriallf the surface wator-line of tho stem. It 
is this stem cross>8cetion which I am in the habit 
of making very full, in order to turn tho after- 
body to the beat poasible account. Great caution, 
however, has to be observed, not to make tbis 
fulness abrupt : otherwise, when rising and falling 
in the sea, the counter will be apt to strike tho 
water with violence. 

The circumstance, that tbis portion of the 
vcasel remains so entirely subject to tho free will 
of the designer, makes it, for the inexpericDced, 
the most dilficult part to decide and determine ; 
and a greater variety of forms will be found about 
the region of tho stem above the water, than in 
any other part of a ship. The learner will, there- 
fore, naturally Ix) disposed to take this from the 
bmt cxnroplos he can find, and for which I refer 
him to the l>cst vensels engraved in my work. 

The vortical sections of the aft«‘r-bodv, fol- 
lownl out in the manner I have indicate^ will 
Ix) found, as thov approach the stem, to have 
become very fine Ik>1ow axal very full above ; and 
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so they ought to be : but in the bow there will 
generally be found a similar tendency of the lines 
to become extremely fine below, and to grow full 
above, — and there it is necessary to counteract 
this tendency, instead of encouraging it, as abaft. 
The bow cross-scctioDS must, therefore, bo made 
to maintain their full breadth well down towards 
the keel : and care must also be taken that they 
do not s]>read out ramdly at the surface of the 
water, and above it. The reason why the fulness 
should be preserved below is, that the business 
of the fine part of the bow, or cutwater, is to 
displace or remove tho water out of the way of 
tliat part of the ship which is to follow; and if 
the bow part l>c cut away Uk) fine, this work will 
not be done, and tho part behind will still havo 
the work of displacement, with a bluffer entrance, 
and a shorter time to do it in, — which U the 
same as to sav, that it would then require unne- 
cessary force, 'by causing unnecessary resistance. 
The main water-line having, therefore, already 
rendered tho bow sufficiently fine for the service 
of dividing the water, care must be taken not to 
carry this finenees further than ncccaaory, or than 
it is carried in the chief water-line. 

Moreover, much care will be nec<lcd to prevent 
the cross-sections of the bow from flaring out very 
much, to meet the line of the upper deck. To 
avoid this, we have reoommendod tnat line to bo 
kept fine, and to be thrown as far backwards from 
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the fore-perpendiculftr aa eonycnicntly practicable. Moreorer, the cTcloidal bnttockdinc, properly 
tued, will help tn throw the deck back, and to prevent it from apn^ding over the fine bow : 
nevertheless, it will alwnya l>e a msttor of great dilBcnlty to reconcile the wave water-line, tlie 
full deck, and the cycloidal buttock-linc; but when it is well done, it mak(>s the most beautiful, 
as well ns the best, of all sea-lx>ws. * For fresh-water bows it does not matter how much the deck 
flares nut, or how much it nverliangs the a*ater: it is in the sea that the true skill of the accom- 
plished naval architict is to bo developed. It is not the best voyage in fine weatlicr, but the heat 
behaviour in bad weather, which gives rqiutation to the truly seaworthy ship. 

itOII^KR. Fn., CKttwlierfa mpextr ; Gkr., Jhimpfhessel t ItaL-, CaUiain; 8pak., Cahiem, 

A boiler is a strong metallic vessel, usually of wrougbt-iron plates riveted together, in which 
steam is generated for driving engines, or other piiritottes. 

Fig. U a taction of a locomotive l>oiler; A, fire-box; B. combustion chaml>er; D, grate; 
C, ash-ptm; K, water-legs; I’, crown sheet; H, a*agt>n-top; I, steam-pipe; J, steam-dome; 
O, gxuM^t; F, barrel; K. flues; 

N, brocchea-pipe : M, smoke-hox; 

L, saddle; O, ulast-pipe ; H, dry- 
pipe. 

A ifcom 6o«7cr generally consists 
o( a fire-box, where the combustion 
of fuel occurs, and flues, through 
which the products of combustion 
pass into the chimney. These {arts 
are made of thin metnl, aud stir- 
rounded by water, which, together 
with the steam nprmi, is contained 
in an outer shell. The principal 
varieties of boilers are, — the cylinder 
boiler^ which consists of a single iron 
shell ; the return-Hue and the droft' 
fine boilers. calle<i flue boiler^ which 
are single shells containing a small 
number of large flues, through which the heat either passes from the fire or returns to the chimney, 
and sometimes containing a flre-U>x enclosed by water : tho mnitijiue or loamotite boiler^ which 
consists of an enclosed fire-box and a large mimi>er of small flues leading to the chimney ; ami the 
boiler^ which consists of an enclortod fire-box ami a fire-chamljor fllletl with snuill tubes, 
through whicli the water circulates. Tufyular boiler^ a muUijiue or multitubular boiler, in dis- 
tinction from a boiler with large flues. 

Copper, when the temperature of the steam does not exceed 200" Fahr., is the best material for 
boiler construction, its {siwer of conducting heat being nearly double that of iron ; a copp>er iMiiler 
of only ono-half the BUjx>rflcial contents of an iron one will generate a similar quantity of steam. 
The power of copper in conducting heat is about 898*2, and that of iron 374*3. Iron possesses tho 
greatest cohesive strength, yot manufacturers 
generally construct their copper bnilera of 
thinner metal on account of the greater uni- 
formity in tlie substance of copper plates as 
well os for the sake of economy, copper lietng 
five times the cjjst of iron ; but an old worn- 
out boiler is worth thrcc-fourtliH its original 
value, whereas the value of an old iron one Is 
ooinparalively trifling when the cost of removal 
is deducted. Copper has also Wen proveil to 
be the safest : when a coppx>r boiler bursts nr 
expimles it is merely rent ojien, but an iron 
boiler is generally blown to pieces. 

Fig. 8^, which is a longitudinal section of 
a marine tubular Wilor, ^ows the general 
arrangement of parts in a marine boiler. A is 
the ash-pit ; G dead-plate ; £ E the grate ; 

FF the uptake: OG the tubes and tube- 
plates : H the heck uptake, flame-chamber, or 
risingflue: I the chimney; O the bridge; aud 
P P stay-rods. 

The boiler shown in Figs. 83o, S.3d, 837, 
is according to an arrangement Invent^ by 
David Thomstm, and successfully introduced 
by Richard Moreland and Sons, London, 

Fig. 835 represents a longitudinal section, 
and Fig. K36 a front elevation and crnas-section 
of a Thomson boiler, 8 ft. long and 5 ft. 6 in. 
diameter, having the same amount of heating-surface as an ordinarv Cornish boiler 27 ft. long 
and 5 ft. diameter, with an internal firct-tubo 2 ft. 9 in. diameter. Vig. 837 is a front elevation 
and cross-si’ction of a boiler, 8 ft. long and H ft. iliameter, having as much heating-surface as the 
voiy largest sized doublc-fiued Cornish Wiler 33 ft. long and 7 ft. diameter. The fire-ehamber 
is the same as in Cornish boilers, and is fitted with the usual furnace door and adiustable slide 
to admit air over the fire for the combustion of the smoke. The asli-pit is also fitted with a door. 
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by meftns of whioh tho ilraupht mn be rcjfulBtetl. The products of combustion, after passing tbc^ 
fire-bridge, make their way (lirougit iierforated fire-brick into a roomy chamber lined with fire- 
brick, and thence |msa through the auiall tubes to the front amuko-box, from which they return 



through tho larger tul)os to tho chimney, superheating and drying tho steam in their passage. 
The atcHm-pipe extends internally over the whole length of the Ixtiler, and is pierced with small 
hnlea. which cntiso it to take the stmm ei^ually from all |mrts of tho boiler, while the steam is 


iuw-prt*t«urv Bveuiii uiiiy. 

In Figs. which are transverse and longitudinal sections rcspectirely, A is the supply- 

pipe fn>m the hot well terminating in the cistern at the top of the feed-pifn* : H cistern at the top 
of feed-pipe, having a valve fixed at the bnth)in ; C the float employetl to regulate supply of wabT 
to boiler. The waU>r is kept at the anme height bv its action upon the valve at the Isittom of tho 
feed-piue ; thus, when there is not sufficient water in the boiler, the float sinks, pulls down the arm 
of the lever <i<i to which it is attacheil, and opens the valve, since the rountcroalnncing weight </ 
fixeil at the other end of tho lover will only sup|>ort tho fi<sit when in its nrr)]M‘r situation in the 
boiler and at the re<iuirc<l level of the water. D is a self-acting datn|>cr tor regulating the con- 
sumption of fuel; EE gange-cvjcks ; G steam-gauge; H safety-valve, regrUatcHl bv the engineer ; 
I air- valve, or atmoapheric safety-valve; U the locked safety-valve. A pipe is shown at the top 
which loads the steam that escapes into it to the flue or into* the air. The steam {nsses from the 
boiler through the sUsun-pipe ; a valve, called a throttle-valve, L, bedng placed iu it fur regulating 
the amount of 8t4*am to tho cylinder ; M fumace-ljars ; X tho flue : S. ^ stays. 

Figs. 840 anti 841 n^preseiit longitudinal and transverse sections res|iectivcly of the Whittle 
boiler. <r, a art* tho plates forming the body of tho lx>ilor ; 6 , 6 the inner casing or lining : c is the 
circulating space between the inside of the boiler and casing, 6. When luat is anplietl to Uie 
outside of the boiler a, the watt*r in the s|iace c is first luateil, and commences to ascend in the space 
c; and as the luat increasca, a rapid circulation of tlie water and sUain tnkta )>lact* up the heated 
aides of the boiler. When the water and sham reach the up|ier eilge or lip of the casing 6 (whioh 
extends a little above the water-level), the sUam is st;parated from the wBh*r, which sUam occu- 
pies tho unper |art of the ixiiler; but the water lK)iling over the edge of the lining or casing b into 
the central part of the boiler, descentU through the short upright piiiea dd through the bottom of 


S37. 



compiled by the plato a. Figs. 835 to 637, to jiasa over 
the }KaU><l surface of a/f the large tubes before reaching 
tho ateam-piiM*. Ogle, of whom we shall her<aft4*r spial^ 
introduced this description of steam-pipe in some of the 
IhUt arrangements of Ins boiler. When the boiler is use<l 
for non-condensing engines, it is advisable to bring the 
exhaust-pijH'of the engine to the both»m of the chimney, as 
at b, Fig. 835, where it serves to stimulate the draught. 
But pp)vision is made for increasing or regulating tho 
draught to any extent by a steam jct-pii>e c, Figs. KtH, 8J17, 
having a small hole opposite the centre of each of the large 
tubes, by which a jet of steam can be proJe<rte<l through 
it. This method of applying tho steam jet to increase the 
draught is f<»und to ue much mure certain, powerful, aud 
economical than when applied in the chimney. 

This boiler, constructed by the Morelauds, is short and 
of large pro|K>rtional <liaructer, and from its circular form 
is well adapted for high pressures. There Is also a large 
amount of henting-suriace witldn a small bulk, and no 
liniler-seating is rtsiuire^l; hence it is a Isiilor suitable for 
situations where space is limited, or when it U desirable to 
reduce the cost of fixing and <»f brickwork. 

The wagon-lx)iler, Figs. 838, 833, is used for generating 
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t)io linintr inU) tho RpACC c, and thus mainUins a coniinuotu oircnlation so long as heat is applied. 
The mud rarriod over iietth’s oti the bottom of tho lining, as shown in the flgnroN, whore it is 
retained, thus pn*venting the formation of deposit on the plate of the boiler. By this arrangement, 
the boiler is kept diwn and not liable to rapid inenistatinn. When Cornish or fluid boilers are used, 
as (dK)wn in Fig. 842. the flues are surrounded by a casing er, the circulation taking place up the 
spac(« //, the hd water and l>eing delivered at the opening as shown in the drawing. 

Fig. 84.S reppt*sentii the ajipliention to a nisrine ab-am-loiler, where 6 6 are the linings or 
diaphragms l»etween the series of flues cc of the boiler. By the use of tlu'se linings or diaphragms 6 
a steady circulation of the wah'r in the boiler is wt up. and the mud and jleiosit are, in conso> 
quence, made to accumulate at the bf>ttnm of the boiler, from whence it may U* blown off. 

Bofon> giving an exWnsive analysis of the different arrangements of looorootive, marine, and 
other lx>ilers, designed to effect jiarticular objects, it is nwwwiry to jMoint out some of the leading 
propi;rti«.‘s of heat, water, and aUiam, determined by abstract reasoning and corroborated by 
experiment. 

C'ALOKirio CAPAriTT OP Bonn*, rm/v 0 / — In observing tho general mode in which 

bodies become liealed, we recognixo this fact, which may be said to be purely oxtemal, that in 
order to bring different quantities of a same substancer to a same temperature, the same com- 
bustible lieing used, the weights of the latter must be proportional to those of the substance. 

For example, if 10 kilogrammes of coal are requisite to raise the temperature of a eertain 
weight of water from 0 to 20 degrees — the conditions remaining unaltered — it will take 20 kilo- 
grammes to fterform the same operation upon twice that weight of liquid. 

The reduction of this ohservatirm to the accurate data of science l«i to the following iKwitive 
result, namely : That, to raise a same weight of a mme homogeneous and determinate sutwlaneo 
one degree in temiierature, the expenditure of a same qiuintitv of heal is invariably necessary. 
And moreover, with wrtain restrielitms : That the quantities o{ heat required arc proportional to 
the weight of that same bo«ly and to the increase of temperature. 

This being once establishe<i, it l»ecame easy to create a representative value capable of serving 
as unity of comparison in the various interchanges of heat that take plaoo between different bodies, 
and of enabling us, also, to estimate the quantities of heat snpplied bv calorific sources. For that 
purpose it was suJflcient to seb»cl some hom<vi’neons substance, an(i to adapt, as |»oint of com- 
parison. that exact amount of heat that was required to raise its temperature by a given value. 

Acting in nce«)nlBnce with these principles, that miantity of heat which is n«>cessary to increase 
tho tcmiM^ratiire of one ktlograinnie of water by one aegreo centigra^Ie is what has bc'on adojited aa 
the unity, and serves to compare all the interchanges of heat that are observed. 

CV»nseqnently, if we take a kilogramme of water at zero, and raise it to the temperature of one 
degree, wo say vre have given it one unit of caloric; if to two degrees, two units; and so on. In 
like manner, one kilogramme of water, at any tempcmttire above zero, is considered to poasew aa 
manv units of caloric ns it has degrees of temperature. 

Wc are hero sixaking of water in its liquid state, and of its heat in so far as it is sensible to 
the thermometer, but not of the total amount of heat It in reality ttossesspa at a given temperature. 

shall hereafter s(‘e that tho greater part of the heat contained in a body is hUnt and oonstitu- 
tive of its liquid or gaseous state. 

Let us, as an example, siipiKtse a red-hot bullet to be plunged into a vessel of water, and then 
obserii-e the incr«ased temperature derived by the latter from tho cooling of the bullet, as it 
abandons its in favour of the lit|uid. By taking into consideratiem the water (mly,nnd setting 
aside the Iosm's of calorie occasioned by evn|x)ration and radiation, it will be easy to estimate tbo 
amount of heat gained bv the lu^uid mass, by means of its actual weight and increased temperature. 

From wliat has just been said of the connection that exists between the temix^ratures in degrees 
and the quantities heat, if .'K) kilogrammes of water, at the temperature of 12 degrees, acqoiro a 
temperature of 45 degrees by the immersion of a lieated btxly, the quantity of caloric gained by the 
water wrill be ascertained by finding the product of the difference of tho observed temperatures by 
the weight of tbo mass expressed in kilogrammes. 

Let W be the weight of water in kilogrammes; 
t bo tho original temporaturo ; 
f be the increased temperatun* ; 

* n be tho number of units of caloric gained ; 

we have 

n = (t' — () W ; whence n = (45 — 12) 50 kilos. = 1G50 units. 

The reasoning would be precisely tho ssme if it were required to find the number of nmts of 
caloric lost by the immersion of a body colder than the water. 

If, fof example, we plunge a very cold body into 50 kilogrammes of water at 45 degrees, and 
that, the temperature CH>ing thereby reduced to 10 degrees, we wish to know how manv units of 
caloric have been lost by tbo water after the equilibrium has boon restored, we liave, as l>efore, 
n = (45 — 10) 50 = 1750 units. 

Specific /for#. — A borly is said to have a greater or less capacity for heat, according as it requires 
a greater or less amount to cause Its temperature to vary an equal number of degrees. If. by com- 
paring two equal weights of two differtmt sulwtances, it be found that, in oitler to increase their 
respective temiH'ratiires by one degree, it takes twice tho quantity of luat in tho one case that it 
does in the other, we conclude that the calorific cs|)acity of the one mass is double that of the other. 
By repreatmling, therefore, the smaller capacity by 1, we may represent the larger by 2. 

The calorific cajiacity may likewise be characterized by observing the ratio of the tempera- 
tures acfjtiired by equal masses of different substsDecs to which equal quantities of heat have been 
communicated ; the coldest evincing, uecesaarily, the greatest calorific capacity. Moreover, the 
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namcrica] mitoa of those capacities wUl be ropresentod by the temperatures oxpresMxi in degrees, 
but in inverse proportion. 

Fnr instance, supposing that we plunge three equal bullets, of the samo metaU and heatetl to 
the same temp<>ratim>, into three equal volumes of difforout liquids, and afterwards find that the 
temperatures of those liquid maisH^ have been respectively raise*! 1 di*greo, 2 degrees, 3 degrees ; 
it may be said that their calorific capacities are inversely proportional to these incremenU of tem> 
perature, that ia, as 3 ! 2 : 1. 

• 8o that the calorific capacity of a l>ody, nr its tpecific Aeai, is represents by a number, similar 
to a enoffleient, and which has reference to the unity for which the specific heat of a certain sub* 
stance serves as standard. 

For liquids and solids the standanl chosen is water, the unity of heat corresponding, as we have 
already slate<l, to that quantity which is necessary to raise the temperature of 1 kilogramme of 
water 1 degree. 

In the case of gases, atmospheric air has been selected as the standanl of comparison ; but 
water must, uevortheleHs, also be used, so that absolute practical values may be obtained. 

\Slicn wo wish to find the res|K'otive calorific cajmeitios of gases, wo compare them, one with 
another, in equal volumes, but under two different conditions. 

Wlien a gas is lu«te<l, it expands, and tends to increase its volume. If it be subject to a con* 
stant pressure, that augmentatiuu takes place freely, according to the value of its coefficient of 
expansion. If, on the contrary, the space that it occupies bo inextcnsiblc, its volume remains tho 
same, but its pressure increases. It bos, cnnsoiuently, been the preoccupation of physicists to 
ascertain whether, under thest> two conditions, the calorific ca)iacitieB of gases might not be 
difierent ; and that is why tho Tables, giving the results of their labours, show two columns, based 
u|)on the foregoing consitferation. 

From the purely practical point of view wc are now taking of tho subject, this distinction U, 
perhapsi, not of any very groat importance, especially as the differences themselrea arc not very 
considerable ; but it was mvosnary tliat we Nhmild mention it, in order tliat tho following Tnbk>ti, 
borrowed from the illustrious Mms/v to whom wo are indebted for these useful researches, may bo 
better understood. 

We must further state that it is our intention to cite such substances only as arc susceptible of 
being employed in the organs of motion about to occupy our attention. 

To render tlu*se Tables p«‘rf*jctly intelligible, it will be sufficient if we define clearly what is 
meant by the numerical value of tho coefficient of specific beat, or simply, by tho calorific capacity 
of a Issly. 

It Is'ing agree<l to term unity of kmt that quantity of caloric which increases by 1 degree tho 
tempemture of 1 kilogramme of water, com|)arisons were made with a largo number of substances, 
and it was found that that same amount of beat pnxluce<l, in every kilogramme, modifications of 
temperature that differixl widely, according to the substance to which it was applied ; and that, in 
nearly all cases, the elevation of temperature was much more considerable than that of the water. 

But this very definition of calorific capacity tends to show that the ratio between the increased 
temperature of the waU>r. that is to say, one degrmi or unit for every kilogramme, and the increase 
of temperature of the snostanoe under consideration, is precisely equal to tho inverse ratio of the 
capacities of tliat substance and the water. 

Consequently, if c represent the capaeity of water and t its increased temperature, c' the capa- 
city of the substance to be compared and r its increased temperature, we shall have 

t e 

t J <' I : c' I c, or n = “ • 

But the value of both t and e being the unity, tho capacity of the given substance is 



Whence we derive the following definition : 

The numerical vaine c* of the coeficient of specific heat of a determinate substance is equal to the 
quotient of the vaity divided by the increase of temperature produced by one aait upon one kiiogramme of 
that 

The values inscribed in the following Tables are precisely the aforesaid quotients for each cor- 
responding substance. A little later wo shall give a few examples of the use of theae values. 


Table I. — CApAcmES or Oasis. 

AsccrtalDcd by MH. Delarocbo and Btfrord, those of air and water being taken os unity. 



GslorlAc Capadtlea, U»t of Air 

Cnpedtire for 

Katlo of Capadtfcs for 

Names of Oewa 



Water bring 
taken at onltp. 

Cunatant 

VolQlUM. 

1 Contiant 
Pmaurea. 


Kqnal Volamea ' 

Eqoal Mjuims. 

Atmospheric air 

Hydro^u 

Oxygen 

1 000 1 
0-90:i5 1 

O' 0705 ' 

1 000 1 
12-aiOl 1 
0-8848 

0*2609 

3*2936 

0-2361 

1*421 
1 1*407 

1-415 

1 1-00 
j 1-00 
1 1-00 

Bteam 

1-9600 

31300 

0-8470 ' 

^ According to Dulong. 


By this Table it is seen that, weight for weight, hydrogen is the most difficult gas to heat, 
since it requires twelve times more caloric than atmospheric air to raise it to an equal temperature. 
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Aftor hyilro^n cr>me« steam, whose capacity is almost doable that of air, and very nearly equi- 
valent to t^t of waUor. 

The two last columns of the Table indicate, according to Dnlong, the variations undergone by 
the calorific ca|iacitiea of the corresponding gases, whether they be considered under constant 
volumes or constant pressures while submitted Ui the influence of heat. We see tliat, the pressure 
being constant, the capacity varies from 1 to about I'l, if the gas is compressed by the effort of 
eximnsion tliat takes place during heating. 

However, this question is far too complicated for us to give it full extension here ; we have 
th<H)ght pmjier. therefore, merely to mention it by the way, referring those of our readers who are 
desirous of more deeply investigating it to special works upon the subject. 

Table II. — CALORinc Capacities or VARiora Hi'bstances. 


That of water being taken as unity. 


1 NsmM of SatatanesA 

Cilorifk C44tsdUea. 

ObumtlonA 

I Water 

1*0000 


Iron 

01100 

Duloog and Petit. 

„ from r to too’ 

01WJ8 


„ „ 0^ „ 300^ 

01218 

*t n 

Cast iron 

0121W 

Regnault. 

Steel 

OII 8 U 1 OI 27 


Copper 

0 (KH9 

Dulong and Petit. 

„ from 0® to 100’ 

O-OIHO 


„ » 0» „ 3U0’ 

01U13 


„ ,, 

00i»515 

Regiiault. 

‘ Brass 

0 01»»1U 


Lead .. .. 

0 0293 

I>ulong and Petit. 

, , 

0*0314 

Regnault. 

Tin 

0*0514 

Dulong and Ptdit. 


0* 05623 

Regnault. 

Ztx>e 

0*01>27 

Dulong and Petit. 

„ 

0*(K*555 

RqpiRult. 


0*1770 

1 Dulong and Petit. 


0*1900 

„ from 0® to 300® 

0 197<38 

Regnault. 

Charcoal 

0*2415 

Coal and coke (average) 

0*20 


Woods, various 

0*000 to 0*650 

Mayer, 


This aecond Table, relating to the calorific capacities of the prinri^ia] sulMtances used in 
construction and luanufactures, tdiows that, of them all, water poasesses the grrabwt, and is, conse- 
quently, the most difficult and the most expensive to heat. I'he next is wo^, and that which has 
ue smallest capacity is lea<l. 

Apjitix-iititm of the Coe^cients of Csibrilfc Capantx^. — The knowledge of the calorific capacities of 
bodies, and their representation by numerical values, lead to problems that are Ixith highly inte- 
resting and extremely useful In their application. The principal ones may lie simimed up as 
follows 

1st. Find the quantity of heat necessary to raise the temperature of a body a given number of 
<legre«s: atul reciprocally, how much heat must be witlidrawn in order to lower its temperature 
in the same proportion. 

2nd. Find Uie temperature of a mixture, whether the bodies be equal or unequal in mass and 
calorific cajaunty. 

8rd. Find the effects of expansion produced hr given quantities of licat upon gatw>s or vapours. 

We wrill endeavour to illu-^trale by a few examples those different modes of treating the question ; 
reserving, however, for later, further particulars relating to expansion, which may be more |articu* 
larly iuterewting when we come to siieak of superheated steam and of mot4>rs worked by gases. 

a* £o the timiniity of titbit oorretporniing to ti giren VaruUion of 7V»i;>cn»/«rf. — It has 
been seen, from the definition of capacity and the unity of heat, that the amount of caloric a body 
loses or gains, acconling as it boooiucs li(*atod or chilled to a given number of degrees, is pro^ior- 
tional both to its mass and to its calorific capacity ; since, if 1 kilogramme of water abaorbs 1 unit 
in order to gain 1 d^n^ In tem{K*rature, it would absorb 2 units for 2 decrees, and so on ; or else, 
2 kilogranuuea would absorb 2 units for 1 degree: finally, 1 kilogramme of a substance whose 
specific heat is 0'5 would absorb half a unit to raise its temperature 1 degree, and so on. Conse- 
quently, the general formula for heating and cooling is this ; 

a =; r W c, or » = (t' — /) W c, [A] 

t' — t, or simply f, being the difference of temperature, or the number of degrees gained or lost. 

Fimt example.— 'How many units of heat would be ahsorlied by 50 kilogrammes of water at 15 
degrees, that its temperature might be increased to 60 degrees? 

n = (60 — 15) X 50 X I =: 2250 units. 

The result would evidently be the same in order to lower the temperature from 60 degrees to 
15 degrees. 
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Secnml example*. — If 3000 units of hc«t were supplied to 500 kilogrammoa of water^ what would 
be the incrtiai^^ in its teiii{KTaturu ? 
liy the procediug fonmda wo have 

3000 


( = zrr- ; whence # = r 
W e ^ 


• = 6 degrti^a. 


500 X 1 ■ 

Third example.— How many uniU caloric are given out by KM) kilograinmea of iron when, in 
cooling, iU tom|H.'ratiire is low’ered 200 dogroos ? 

The precc<ling Table indienteH that the caloriBc capacity of iron la O' It, therefore 
a = 200^ X 100>‘ X O il = 2200 units. 

Fourth example. — \Mien 100 kilngratumea of a body give out 1000 units of heat in cooling, and 
its temperature is Inwennl 55 degrees, what is its calorific capacity? 

From the same formula whence wc derived the value of t, we also obtain 
a 1000 


t W 


. = 01819. 


55 X 100 

To Find tfir Temperaturf of a Jfixturr or Compound . — This problem is susceptible of various solii> 
tions, accr»rding as the capacities of the sulwtanws com{i>nund(Kl are equal or different. W« will 
give examples of both cases. It is possible, however, to establish a general formula, that will only 
be simplifiiHl if the masses or ca|ncittes are equal. 

If two substances be oxapounded whooe w eights are W and W', the temperaturea t and t\ aiul 
the caj»acities c and c\ there will result a final hmificrature x, to find which we reason thus : 

After mixing, the two masMis will have acquired an even tcmj>craturc ; the one will be a 
certain number cd degrees colder, represented by t — x, whence the number of units it will have 
loit will In} = (< — x)Wc; while the other, on the contrary, will liave aoipiired an accessirai of 
caloric (x — I') W' c‘. 

But since that which was Inst by one of the masses lias been gained by the other, these two 
quantities are wiual, and give the following equation : 

(( - x) W c = (x - O W' <r', [H] 

from which we obtain t W c + <’ W' c* 

■Wc+‘W'7“’ 

X being the requirc<1 temperature of the eompound. 

It is evident, however, that when the masses or the capacities are eonal. the symbols whereby 
they arc represented must Im> eliminaPtl fitim thcforeg«>ingexpn.iM»ion. For instance, if the massc>s 
of the bodies comjioiuided were equal, wc should have W = W : and the relation would assume the 
<Wc + t'Wc' (tc+t'OW 


following form : - 
leaving 


Wc + W 


!T~r { whence we have 


<c -P c') W 

fc+ fd 


f where W neocssarily disappears, 

[D] 


c + c' 

that is to aay, the mass is not to be considered. 

If the capacities were c^^ual, the sanie operation would be performed with resiicct to c and <f 
which would disappear, the formula taking tlic sha}M> 

w + w* ^ 

Finally, if the masses and the capacities both happene<l to be equal, the expression would then 
be reduced to the following : 

' + ^ rin 

[F] 

It will l>e seen that the foregoing first general expression [B^ suffices to find the temperature 
of a ci>m|Mnmd under every con<Ution. We may even sup|)ose the form revcr«o<l, and that it bo 
nmpnttcd to find the riH|iiisitc prr>portions of a evunpound in onler to obtain a given temperature. 
We will give a few examples of each i>articular case. 

First example. Etjual masses and Hjual ca|>acitios. — Find the temperature xof a mixture of 
two equal masses of water, the one at a tem)H!rature t = 25 degrees, the other at a temperaturo 
i' =s 40 degrees. 

Formula [F] : i = ^ = 32-5 degree*. 

Sectmd example. Equal ca{>acities. — What will be the temperature of a mixture of 10 kilo- 
grammt'M of water at 12 degrees and 15 kilogrammes at 50 degrees? 

Formula [E] : 

. = = <>•" ^ = 3.-S degree. 

Third example. Equal masses. — 500 kilogrammes of water at 90 degrees arc poured into a 
copper vessel of the same weight and a temperature of 15 degrt'cs; find the temperature of both 
vessel and water, at the moment of e<iuilibrimn, supposing that th(>re are no losses of caloric. 

Formula [D], By the Table we find the capacity of copper to be O' 005. Consequently, wo 
have 

, = = 83-5 degree*. 


c + c' 


1 •fO'095 
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So that tho t«mporatiiro Hm onij fallen C^*5, to miM that of the 500 kllo^rammet of copper 
from lif to SS^’d: thiu u owmg to the enoimoiu diflerence t>etwccn Uic capacity of water and 
that of copper. 

Fourth example. All cnndittona differing. — A mass of iron weighing 150 kilogrammea, and 
at a temperature of 300 degrees, is plunged inU> 100 ktlogramines of water at 10 degreea; what 
will be the tem|>emture of the water when equilibrium of temperature has been establi^icd? 

The different data of the problem stand thus: 

Ca(iacitios .. .. 


Temperatures .. 


Weights .« .. 
Formula [C] : 


[Water 

e 

= 1 

limn 

e' 

= 0*11 

MTator 

, t 

= 10’ 

Iron 

.. P 

= .300° 

Water 

W 

= 100‘ 

Iron 

W' 

= 150‘ 


X 


nVc + fW'c' (l(r X 100^ x l) + (300’x 150^ X o il) 
Wc + Wc' " (100^ X 1) + (IS0> X o il) 


51*07 degrees. 


Fifth example, lilixture of gases. — Tho preceding rules apply eonally to the mixtures of 
bodies whose quantities are expressed by their volumes. Thus it has tie>en already seen that the 
relative capacities of gases have been ascertained in this manner, by taking atmospheric air as the 
unity. 

we propose, therefore, to find the temperature x of a mixture of two volumes of hydrogen and 
oxygen under the following conditions : 


Capacities .. .. 
Temperatures .. 
Volumes .. .. 
Formula [Cj: 

Vtc+V't'c' 0" 
c V + c’'V' 


iHydrogen 
\ Oxygen 
f Hydrogen 
\ Oxygen 
(Hydrogen 
\ Oxygen 


e = 0-9035 
c' = 0 9765 
/ = 10 ’ 

V = 45° 

V = 1-' 

V' = 0»«*800 


» X 10° X 0-903.5) + (0«**W)0 x 45’ x 0-9765) _ 
(0*9035 X 1) + (0-9765 X 0*800) 


To Find the Proftoriicmt of a JVixIurc.— It is as frequently nxjuired, in practice, to ascertain in what 
proportion a mixture ought to be oompounded so as tq have a certain t4'm{)erature, as it is to per* 
lorm the inverse o|M>ration: and, although the only thing neet^wsar)* for that purpose is a suitable 
adaptation of formula [B] or [C], involving no difficulty, we will, nevertheless, give a few more 
examples. 

First example. — Given a mass of lead weighing 75 kilop^rammes, at 150 dt‘grees, in what body 
of water at 12 degrees should it be plunged in order that the whole excetnl not 20 degn*c« at the 
moment that the ('quilibriuro of tem(M‘rature i« establisliec] l>etwecn the liquid and the metal? 

The unknown quantity, this time, is the weight W of the mass of water; and, if we retain the 
same notation as in formula [B}, x, the tem|>erHture of the mixtun*, will ctjual 20 degrees. Ck»n* 
scqnently, the fundamental mmiula [B] being (( — x) W c — (x — <') W'c*, we «tsily extract from 

it the ralno W = ^ ^ , which becomes tlie general expression applicable to all pmblems 

(t “ x) c 

of the nature of the one above proposed, and of which we will now give the solution. It must be 
observetl, however, that in this jiarticular case, where f' is greater than x, and x is greater than t, 
it would be as well to transuosi* the complex quantities Ixdween brackets in order not to liavc 
negative valutas, which should, nevertheless, not afftct the result; on the other band, as x is no 
longer the unknown quantity, we shall replace it by the sign T, to indicate the given temperature 
of tlie mixture. 

The foregoing expression, thus modified, then becomes 

[G] 

(T - O c * ^ ^ 


and if we introduce into this formula the several data of the problems, together with tho calorific 
capacity of lead = 0*0293 (second Table), we find that the body of water required is 


W = 


(150° - 20°) 75 X 0*0293 

(20° - 12") X 1 


= 35*709 kilogrammes. 


The relative smallness of this weight of water is perfectly in accordance with the small calo- 
rific capacity of lead, which is about Ihi* three-hundrerlths of that of water. 

8<*cond example. — What weight W of cold water, at ( = 12 degree*, must l>e added to W', 
= 100 kilogrammea of the same liquid, at t' = 80 degrcca, so as to obtain a mixture T, = 20 
degrees? 

As hero tho capacity is the same for both mosaea, the formula [Q] Incomes 

(('-T)W' ^ (80 - 20) X 100 

" ® () ’ ^*'*^*”*'® ^ — 20 - 12 “ kilogrammes. 

These examples will l>e sufficient to show the ntility and the appHcatton of the eoeffloient of 
specific heat: thev, moreover, lead up to the solution of those pmblems involving qnantitiiw of 
iatmt hfnt, touching which we are now going to speak. It must, however, stated tliat the 
experiments that have enabled the detennination of the calorific capacities of the different bodies 
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corrMpond odIv with a limited range of temperature, beyond which thnao capacitiee may be found 
to vary alightly. But, in practici*, this uncertainty has no material importance, esiM'cially as 
bodies that are subjected to heat invariably Iraie^ from accidental causes, quantities thereof cunsi* 
derably greater tlian could j>oi»ibly arise fnan the incorrectni'ss of the coefficients. 

Liximt the moment any change takes place in a body, whether it he its transition 

from the solid to the liqiii<l state, nr from tliis last to that of gas, a very curious and remarkable 
caloriflc phenomenon Is obsT^rviHl. It is found that its Uunperature remains the same so lung aa 
the change in its state is going on, and consequently, that the quantitiea of heat with which it is 
supplied in the meanwhile are not |wrceptible by the thermoni4>h>r. 

This peculiarity is thus explained : while a bo<ly is changing its state, it al)«w»rlin a certain 
amount of beat which is exclusively einplnyod in bringing a)x>ut that change, but dues not in any 
way Wnd to modify the tem)Hrrature of the brdy. Hence the term hiUnt given to that Quantity of 
heat, which efr(<ctuallv is AuA/cn, since it cannot be tleU‘Cte<l by the instnuuent gemtraliy used to 
reveal its presence. Latent lM*at was discoven*<U cr»ni{mred, and measured by l>r. Block. 

In like manner, if eith(‘r of the above*mentioned changes takes place inversely in a Ixxly — that 
is to SOT, if from the state of gas it fkasses to that of li<}uid, or from the state of liquid to that of 
solid — It wit) l>e olwerved to give* out a certain quantity of heat without its temperature living in 
the least afTectetl thereby while the ojicratiun is going on. This is nothing more than its abandoD- 
ment of that i*xtent Aoit which was DfVH.asary to maintain it in its recimt state. 

/Wion Nrtit. — The first example to l>e ciU'd in demonstration of the exisU-nce of latent heat, ia 
the transformation of water into icc, or, reciprocally, its return from the solid to the liquid state. 
I>>tig liefnru the exixiirinients, which we will tenu quantitotice, were made, it was known that tliero 
existed solid water (ic4») as well os Ii4|uid water at zero, although it was necessary hi heat the ice 
to cause it to melt. That already suflicecl to n'veal the existence of a certain amount of cahirio 
absorbed solely by this change of condition; but its great importance had yet to lie jliscovered. 
It was then shown, after very minute researches, that if 1 kilogramme of ice at zero be brought 
into contact with 1 kilogramme of water at there will remain, afh^r the fusion is conipletwi, 
2 kilogrammes of water at the tem|H'rature of zero. C'omwvjnently, the whole of the manifest beat 
contaiueil in the 1 kilogramme of Ii([iiid water is absorbed m reducing the 1 kilogramme of ice to 
a similar state; and, while the temiierature of the latt*‘r remains unaltered, that of the funner 
falls from 79 degrees to zero. The result would bu the same if, instead of 1 kilogramme at 79^, 
we U«k 79 kilogrammes at 1®. 

By referring to what has been aaid about calorific capacity, wo perceive that the one kilo- 
gramme of water at T>f' represented the same number of units of litwt as were actually employid 
in melting the one kilogramme of ice; wheuec we conclude (see the experiments of MM. dc la 
Provostaye and Desains) that 

One kitofjnunme of •ec, at the ten%perature of *cro, ici7/ aAsorft 79 uai'ti of heat, called latent, or, more 
$tricth/, 79*25 wni'tx, m onler to pass into the liqaiti stale: that 

One kilotjramMe of vater, at no nuitter xrhat temperature, contuifu, o6ore zero, at many vmYt of caloria 
as it does detjrees of temperature, plus 79*25. 

This phenomenon of latent fusion heat is common to all bodies which possess each their 
peculiar quantity of caloric absorbed for each unit of weight. 

As, in steani-eugine«s water inU'rvenes solely under its seonml change of statt\ we will not 
dwell any longer upon the first — though wc d<H’mo<l it indispensable that it should bo known, — 
but will close this part of the subject by a few examples. 

First (‘xatnple of the latent fusion heat of iC'C. — We propose to find the quantity of water 
necessary hi melt a certain weight of ice at the assumed tem{ieraturc of zero, which shall also bo 
the temperature of the mixture after the fusion has taken place. Ix't tliu 

Weight of tlie ice be W = 25 kilogrammes. 

Weight of the water be W' =s unknown. 

Tem|>erature of the water be < = 15 degreea. 

Fusion Ixat be /= 79**25 units. 

Solution. — On the one hand, it takes as many times 70*25 units as there are kilogrammes of 
ice; and on the other, that nurnWr of units is e«mal to the product of the weight of the water 
required by its temperature, that is to say, W f = W' t. Therefore we have 

25 u 79*25 

25 X 79*25 = W' X 15’; whence W" = -L = 132*08 kiloe. 


Second example. — If W = 10 kilogrammes of ice at zero be thrown into W' = 100 kilogrammes 
of water at 18^, what will bo the temperature x of the mixture after fusion ? 

Solution. — It will require 10 lime* / to melt the ice, which will have to be subtmeted from 
the manifest quantities of heat (vmtained in the water, or, 100 times 18 degrt^s ; and the nxiuired 
temperature x is the quotient of that difiorcnco divided by thu sum of the weights W ai^ W'. 
Thus, 

_ _ (< W') - (/ W) _ (18° X 100) - (10 X 79*25) ^ 


W' + w 


JOO-I- 10 


We may here remark that it is easy to calculate the total amount of heat n that would be given 
out by this liquid mass in passing into the solid state at the temperature of zero. Wo aliould 
then have 

a =: (W’ -h W) / + (W 4- WO r ; or, ( W + WO x (/ + x) ; 
whence n =: (10 4- 100) x (70*25 4- 18^) = 10697*5 units. 

And, rice certd, this same quantity of heat would be capable of increasing by one degree the 
k’inperature of 10697*5 kilogrammes of water. 
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Latent Ufnt of — During the aoonml rhanpe of rtato to which bodies are liable^ the effect* 
are preciBol)' identical with the above. When a liquid is transfonncd into sUwm it abeorl>s a very 
larf^e amount of heat which is entirely undiKtintniiahable by the thermnnictor. the ideam havint^ 
exactly the same tenipemturo as the liquid w)i«>ne«' it emaimtiK. The difference that exist* 
between the effects of fusion and evaporation is this, that, weight for weight, the quantities of 
latent heat al>sorbed are much mort' cnnsidemble in the latter case. But both poasi^sa this one 
peculiarity, tliat the absor|>tion of latent h<-at takes place whatever may l>e the process of fusion 
or e\'a|)oration— whether slow or rapid. Thus, any va|)our arising from simple ordinary evapo* 
ration in the o{M>n air |»o(«esiH^s just the same quantity 4if labrnt heat as that arising f^rom the 
ebullition of a Ixxly of liquid, subject to the same ambi<‘nt pressure. 

Wlien steam is fonne*! from a tnnss of liqiihl exposeil to the action of a fire, it takes its latent 
heat from that liquid, which c<imMX]uentlr cc^ases to incn'ase in b^iiqwrature. But, if this steam 
emanate from a liquid apart from any active source of heat, its laUmt ln'at is taken, not only fnxn 
the li4|uid, but also from the vessel eonUtining it and fnmi the aurmuiKling objects. There may 
tbcuoe result a very sensible cording of those objects and of the said Iir|uid. if the evaporation can 
be continued without recuperation r>f lu«t. Notwithstanding our desire to avoid purely physical 
disquisitions, we cannot refrain from citing an ex|>eriment that brings clearly to light this 
phenomenon of the aisiorption of latent beat by eva|.)oration, no matter what the aoconqianying 
circumstances may be or the tom|>erature at which it takes 
place. 

A cup of water, at the orilinary temperature. Is made 
to stand over a sauct^r or |Ntn containing conceiitraUxl 
sulphuric acid, and, the whole being placed under the 
rec«nver of an air-pump, as seen Fig. S44, we lw‘gin to 
exhaust the air. By degrer^ as the vacuum is established 
and the pn^sstirc under the receiver diminishes, the water 
begins to boil, and eva|W)mtes the more rapidly ns the 
action of the machine is accelerated. But the va{)our 
thus fonned, and which would soon arrest all further 
evaporation if allowed to remain under the n«eivcr, is 
partly taken up by the nmehine while the rcnwiniler is 
al>M>rl»e<l by the sulphuric acid ; C4>nse«|ueutly, the vacuum 
is maintainrd under the receiver and the cva|M>mtion 
continut^s. But, in a few moments, the water that remains 
in the cup w'ill be completely congealed, forming one solid 
lump of ice. 

This curious phenomenon is solely explained by the definititm we have just expounded of 
latent heat. The steam, in forming, has borrowed so much caloric from tiic water as to lower the 
temperature of the latter to freezing point. It now remains for us to give the value of this latent 
beat of steam, whose outward effects are made visible by means of very’ simple experiments. 

Amongst other exiK'rimentalists of merit, the learned M. Regnault ma<le very minute re> 
MAirhea touchuig the lateut heat of steam, the general result of wliich will bo found embodied in 
the following Table : — 


S4(. 



Table or the QtuxTiTiEs or Latevt Heat ron Steam formed between (P akd 


a 

1 

^ 1 

S 

a 

1 

2 i 

TM)p<Tatufyft.^ TjStcnt Hr«U. 

TorapeTatumi- 

IjltMlt HcaU. 

Tcmp'Titiim. 

' latent HmU, 

0 

C07 

tJO 

1 1 

120 

; 522 

180 

479 

10 

0(K) 

70 

5.58 

1.30 

515 

KH) 

472 

20 

593 

80 

1 551 1 

140 I 

508 

200 1 

4«H 

30 

581) 

90 

544 

150 , 

501 

210 

457 

40 

579 1 

100 

537 

1(X) 

494 

220 ! 

449 

50 

572 

\ 

no 

1 

529 i 
1 

1 170 1 

486 

1 2JJ0 1 

442 


The values that appear under the head of htent Am/# indicate the number of units f»f caloric 
abanriMHi by each kilogramme of stivim, at the corres|smding temi>Hrature, at the moment of its 
formation. Consequently, those same quantities of caloric would bo given out by the steam on 
its return to the liquid state. 

For a long time it liml been admitted tliat the amount of latent heat was always the same, no 
matter at what temperature steam was generated; but the result of M. ItegnnuU’s researclu‘s 
shows that notion to W incorrect, and that the quantity of caloric that is alworUd by evn]K>mtion 
diminishes according to a certain progression which U in inverse ratio to the tem{>eratures. 

To seh*ct the most ordinary examples, let it be ohw?rved that whereas water at 100 degrees 
takes up 537 units of latetit hi-at, that at 150 degrees only absnr)>s .501 units. 

Appiir*ittoH of the Ifeat of St«nn \. — The general study of htxtt, in its reference to the 

formation of steam for mechanical purposes, is of twofold importance: firstly, as reganls tho 
quantities of fuel to be exjK'ndcsl ; fM*condly. as r4>^nls tlie condensation of that same steam after 
it has done its work. We will give examples of l»oth cases. 

First example. — What will be the t«>tal number a of units of caloric rw|in’re<l by a weight 
W a: 25 kilogrammes of water, whose tem|>eraturo / = 10 degrees, in order to convert it into 
steam under the proasiire of 1 atm<»sphere? 

Solution.— The temperature T, apiiarent by the thermometer, of steam generatwl under a 
pressure of 1 atmosphere, being 100 degrees, the number of units of caloric absorbed by each 
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kiloprmmmo of water will be T f, plus the latent heat / tliat eorreaponds to the teinpcratore 
accurding to the prucediug Table, ne therefore have for the total number of units 

n = (T - ( + 0 W; 


a general expression which gives for the proposed example 

n = (100'’ - 10'' + 537) x 25 = 15675 units. 


Beoond example. Mixture of steam and water. — A certain quantity of steam being brought 
into contact with a given weight of cold water at a fixed temperature, and sufficient to coinpicto 
its condensation, find the tempi'rature of the mixture. 

Ix^t us take the »me <}uantity of steam as in the foregoing example, adde<l to W s 200 kilo- 
gramines of water, at a tciu]x>rature t s ISi degret^: the steam being represented by W = 25 
kilogrammes ; T = 100 degrees : we want the tempemturu x of the mixture. 

Srdution. — The b^tal mass, or the weight of the steam added to that of the water, will neces- 
sarily contain the sum of the quantities of heat possessed by each : if, then, we divide that sum 
by the entire mass, we shall have the temperature x demanded. Coiiset^ueutly 


(T + ow-KtW) 
W + W' ' 


[I] 


which is a general expression, from which wo obtain, as answer to our problem, 

(lOO"’ + 537) X 25“ 4- (15'’ X 200“) , 

x= iu,4r200« =84 11 degree,. 


This result already sliows that U is necessary, relatively, to use very oonsidcrablc volumes of 
water to cause a Ixxly of steam to return to the liquid staU% and iu ortler that after the conden- 
sation the tem|)crature of the water may not be too elevated. 

Third exaniplc. — I.«et us reverse the pro|msition, that is to say, find what quantity of water 
must he added to a given weight of steam that tho resulting mixture may not exceed a certam 
temperature. 

Let W s 15 kilogrammes, the weight of the steam ; 

T = 150 degrees, its tomi>cmturo ; 

I ~ 501, its latent heat (according to preceding Table) ; 

W' = the weight of water ro(]uirod ; 
f = 10 degrees, its temperature ; 
t' — 25 degrees, the temperature of the mixture. 


Solution. — By simply bearing in mind that t' takes the place of x, it is precisely tho alx>ve 
formula [I], in which W’ becomes the unknown quantity. Thus, W + t' W' = (T + /) W+ t W'; 


whence 


(T + ;-f)w 

w . 


[J] 


This last expression is the one that we shall meet with every time that it is required to ascer- 
tain the condensation a steam-engine : we therefore invite our readers to give it due consideration- 
As regards our present problem, it gives 

(100 -b 501- 25) X 15 

^ * 25® _ 10^ ' = 576 kilogrammes. 

That is to say, putting it in general terms, that in order that the condensation- water shall not 
exceed 25 degrees of temperature, it will take 576 kilogrammes of cold water at 10 degrees to 
destroy 25 kilogrammes <if steam at 150 degrees. All things being equal, it is, moreover, evident 
that it will tMe so much more water to condense sU’am that the tempemtiuv of tho water is 
higher and that of tho mixture is ri'quired to be lower. It is beyond all aouht that, under certain 
circumstances, it is impossible to achieve the direct eondenmtion of steam in engiof’s and oun- 
densing machines for want of a sufficiently large volume of cold water. We shall see by-and-by 
tliat, in marine engimw, the condensation is often imperfect or entirely snspendod, not for want of 
water, since, in those cases, it is drawn from the sea, but because of the warmth of tho water, 
especially under tho tropics. 

Here ends, for the present, what wo had to say concerning latent heat ; its direct application 
to engines will render sufficiently intelligible all that it is necessary to know upon the subject. 

BoracES or Heat. Qnunlitu-s of //cut aupptied hy Fuxi. — After the study of the of 

kfat roouired to raise the tem{>craturc of bodies and produce a change in their state, we come 
naturally to that of the sources of Acot as reganls the (|uantities that thev arc able to furnish. This 
forms tho entire question of tho economy of caloric in its production and its use. 

Hcience teaches us that the combiution of a body U the chemical combination of that body with 
oxygen, a phenomenon which is accom|Ninied by a great development of light and heat. If consi- 
der^ from this point of view, all bodies would he combustibles, since all possess, more or less, tho 
property of onmoining with oxygen ; but all do not offer, at the moment of entering into com- 
bination, such pro|>crties as qualify them for fuel, that is to say, a total disengagement of beat 
greater than that required to produce combustion, that combustion going on even independently 
of tho focus where it takes place; and a cost pric«« of the material itself sufficiently low. But, 
quitting generalities and basing our arguments upon a few examples, wo will observe that wntxl, 
coal, hydrogen, and certain other substances bum almost spontaneously, or at least complete entirely 
their oombustion from the moment that one single point of their mass has attained the necessary 
degree of temperature. Other bodies, such as metals, that combine freely with oxygen, oeaso 
burning as soon as they are withdrawn from the focus where the combination ia effected ; focus 
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which wo are obliged^ in oonseqnence, to feed with some other body more readily oombtutible. 
Combustible bodies, that ia to say, such as are used in manufacture, are not very numeroua, and 
comprise : — 

1. Woods, and Tcgotablo matter generally ; 

2. Coals, both vegetable and mineral ; 

8. Peat. 

These are the substances into whose composition there enters the greatest amount of carbon 
and hydrogen, the only two sim^de iNxlies wiiioli imsmonh, indejiendently.all the roiuisite prot>erties 
fur tlie phenomenon of combustion in its application to manufacture, and the ouality, therefore, of 
being excellent combustibles. Animal suWtances, such as flesh, grease, anu bone, are likewise 
highly combustible ; but, on account of the complexity of tlieir com))osition, the al>sorption of heat 
indispensable to the separation of their various elements at the moment of oumbustion is very con' 
sidorablc. so that a given weight of animal matter does not funiish s» large an amount of usc'ful 
heat as combustible^i of a simpler nature. Btrsidcs this, there arc sufficient uses for animal sub* 
Stances without emploving them as fuel, though it has sometimes been done. 

Our examination of combustibles can only 1 h> very brief, our oi>ject being merely to make known 
what <iuantities of heat each is able to furnish for every unity of weight. 

The estimation of these quantities of heat is entirely btu»ed utmii the calorific unity already 
defined. Thus let us suppose a kilngmmmo of any combustible body to he taken, and that 
it l>e found that the beat it has given out during its total combustion has raised the temperature 
of 2000 kilogrammes of water 1 degree; if the ex|>eriment be made with sufficient precision to 
satisfy us that all the heat thus pn^uced has been absorbed by the water, we then say that the 
burning of 1 kilogramme of that combustible has sup])lied 2000 units of heat, for we are aware that 
that is the standard wherel>y we should measure the quantity of heat necessary to cause a variation 
of 1 degree in the temperature of 2000 kilogrammes of water. The amoimt of bent given out, »o 
measured, taki^s the name of Gj/on‘/ie povrr of the coini»ustiblc whence it emanates: and very 
accurate experiments have been made in onler to ascertain thus the calorific power of every sul> 
stance. Those experiments have shown that not only does the said power differ with different 
bodies, but it also varies considerably in bidies whose oom]iosition issusci'ptibie of change. Thus 
the combustibles used for industrial purposes, being substances of a complex nature, are all pos- 
sessed of that peculiarity— a variable calorific power. For instance, wo«ds, lieing of a kind, are 
essentially different in their coinixisition, setting aside their greater or less degree of desiccation. 
The several sorts of coal, though variations in their composition are not so great, still sliow a differ- 
ence. Even charcoal, one of the ptm*st of all combustible substancss, evinces likewise varieties, 
o^ng to its more or less perfect preparation. 

Such differences should be consiuered, however, as of a scientific nature, not industrially : that 
is to aay, everv combustible possesses a nn^n calorific |)oa'er which ia all*ttufficicnt for the purpose 
we propose, 'j'he following Table is a summary of the principal substances and their mean |K)Wor, 
to which we have added the calorific }>owers of hydrogen anil of bicarbonate of hydrogen or 
common gas, though these two last are not yet considered as combustibles in an industrial sense. 


Table or the CAi/>ninc Towers or Combcstibliw vsed por Indi stbial 1\ rpo«E8. 


Namei of ComlraiUblei. 

CSlorifk Power 
r«peviw<l lo 
unlu of Hrat 
given out by Uic 
t-iiinbuit.ioo uf 
1 kUodmmme of 
each SabiUncf. 

Aolhorltiea 

Pure hydre^n (the kilo.) 

34162 

Favre and Bilbermann. 

„ (the cub. met.) 

3067 

w w 

Bicorburetted hydrogen (the kilo.) 

11857 


„ „ (the cub. m^t.) 

15117 


Pure carbon 

8080 

M « 

Cliarroal (mean) 

7000 

Pwlet. 

Wood (very dry) 

3700 

Kurafort. 

1 „ (oniinary condition) (mean) 

2800 

Diilong. 

Co^ (im«n) 

7000 

Coke (to O' 15 of cinders) 

6000 

Pec let. 

Ojramon j>eat (mean) .. 

3600 

,, 

Purified colza oil 

9307 

Rumfort. 

1 Alcohol, at 42^ Beaunte 

6855 

Dulnng. 


The values indicated in this Table represent the maximum of heat for each corresponding com- 
bustible ; We shall, therefore, term them the tAforrttca/ ca^orijic pavers, of which a certain amount only 
can bo utOized in practice. 8ee Fuel. It must not, however, be taken for pantiil tliat these 
values are entirely exempt from slight errors ; the diversity of the results obtained by equally skilful 
expcrimenlalUts prov4>8 the contrary: and, btrsidea, it is not ])roljable that, in so c«>mplicated a 
phenomenon as that of the combustion of a body, the figures obtained can be always the same and 
mvariablo. But these difforencts become more manifest when the combustibles are emplnytd for 
industrial jmrposes, and seem to banish all hope of our being able to rely on such mlorific 
powers as matliemAtically <y»iTect, since, in those cases, they are neither prepared nor seloeted with 
the same 00*6 as when used for experiment only. Thesu values, notwithstanding, such as they 
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nuAy be of undeniable aerrice, and thia we shall see later. Besides, their degree of approxi- 
mation is generally mure tiiau sufficient for ail practical purpoeea. Fresh expenmenta, however, 
would perhaps Iw necessary and desirable, on account of certain new generators wherein the 
utilixation of fuel ap|>ears to be increased in an extraordinary manter, as we sliall have occasion 
to show hermfter. 

The figure representing the cnlnriflo power of a combustible plays the same pari in steam 
generators as does the measure of the expenditure of water in hydraufio motors : in both cases it 
is evidently the point upon which the result is based; therefore is it very ini|)ortant that there 
should exist no nneertainty regarding it. 

Appitcation o/ iktlorific /'wrer.— Before occupying ourselves with the sources of heat, we first 
examined the interchanges thereof that take place t^twec'D different bodies, and then the amount 
of caloric requisite to increast.* the temperature of bodies a given quantity or cause their change of 
state. Having proceeded thus far, we are now pn^iiared to calculate the amount of combustible 
necessary to be ex|)cndi>d for the accomplishment of these operations. 

We must, however, make one important remark, namely, that what we seek in the following 
examples is the useful quantities oi heat, that is to say, those tluit arc abMoltitcly necessary, 
re^rdleas of what is lost, and of the exci'llenoe of the focus or the disposition of the apparattis. 

Jtesearches respeetinff the Expenditurt of Fuel retfuirtd to prodxtce a giten lm:rtcu« of 7em/>cm<H/r.— 
First example. — What would be the useful quantity of charcoal necoaaury to increase the tempe- 
rature of 100 kilogrammes of water 10 degrees ? 

Solution. — Since tlie preceding notions indicate in what manner we are to ascertain the quantity 
a of units of beat to bo supplied, we very easily find that tho weight w? of the charcoal, whose 


calorific power wo will rail «, is w = — . Granting, aooording to the preceding Table, that 
« = 7000, the namber corresponding to common clmrcoal, wo then havo 


10 X 100 
7000 


= 0^142. 


And that is, effectually, all the weight of coal that ought to be expended if the whole heat 
produced by the combustible could bu absorbed by the water. But even supposing tliat the 
vessel that contains the liquid, and the foens, being previotiMiy heate«l, absorb none of the caloric, 
there would still remain other losses which would increase in a notable manner the abovn 
theoretical quantity. For instance, let us imagine the arrangements to be such that 0‘6 of the 


heat are utilized, we should then bum, in reality, = 0^*237 of charcoal. 

Second example. — What weight of coal must be burnt in order to liquefy 50 kilogrammes of 
ioe at zero, and raise it to a temperature of 100 degrees? 

Solution. — The number of units of heat a to be supplied being (t + 0 have 

(100 + 79) X 50 , , 

“= 7600 =l‘177of««l. 


Kvftporaiiluf Pouer of a ^iren Weight of Ctm))u$tihU. — Wbat weight of steam at a temperature of 
100 degrees would be produced by the useful expenditnro of 1 kilogramme of coal, supposing tho 
temperature of the water, before heating, to be 15 degrees? 

This is the most important problem of tho application of caloric to steam-engines ; it is the 
pivot, as wc shall presently see, around which all the improvements therein that have hitherto 
been conceived, and are stiU likely to U*, revolve. 

Solution. — it has already been seen [H] that the number of units of heat necessary to a certain 
weight of water, in order to convert it into steam, is expressed by n =: (T — < + /) W ; and as 
that number of units must be equal to the number given out by the weight v of the proposed fuel, 
whoso calorific power is «, wo have trM = (T — t + O^'i hence tho required weight of steam 

will bo W = ' 12^'21 ; which amounts to this, that 

I kiloymmme of coni oia, THEoamCAlXT, er<tporate aJ»ut 12 kilogroTtimes of voter ^ vhooe tempe- 
rature, before the apptimiion of heot, uvts 15 ile>jreet. 

If we had supposed the steam to be of a higher temperabur, the quantity of fuel would likewise 
have been slightly increased, but only slightly, because the latent heat, which is more considerable, 
varies but little, and inversely. We will give no further example, as this last will suffice as the 
basis for all future discussions upon the subject. It is essential, however, that wo should make 
one remark with regard to the above result as compared with those obtained in practice. 

Generally speaking, a good generator will evaporate 7 kilogrammes of water: very often it is 
leas : but sometimes it is more, and even, in certain cases, it has almost touchtd the theoretical 
figure of 12 kilogrammes, which it seems very difficult to attain, if ever. By the aid of special 
arrannmenta, however, and such artifices, for instance, as activating the combustion by means of 
an additional current of air, and so completing the conversion of the coal into carbonic acid and 
preventing any particle of matter escaping without being consumed and giving up its onotribntion 
of heat, it may ^ done. This is what is called cmeumiiuj the smoke, which is nothing else, for tho 
most part, but unconsumed, and conseqiieiitly non-utilized coal. It may be well in remind onr 
readers that the mimlwr 7600, which indicates in the preceding Table the number of units of heat 
for every kilogramme of coal, is a mc<m, and may, onnse<^uei]tly, be sometime* exceeded. To 
establish absolute limits, we will suppose that pure carbon is used, furnishing 3000 units of heat, 
and wc then fiiiid that 1 kilogramme of that superior fuel, compared with coal, yet only supplies 

12-21 X 8000 ^ 

— = 

2 n 
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We hare given no examples of the nao of tho other oombmtiblei, eineo in all caace the 
operation would be evidently identical ; it ia simply necessary to alter the value of «, that is, of 
the ooeflicient of caloriSc power. The only point that it might be interesting to examine is the cost 
of tho unit of heat with each difforont cambuatible, and this has boon done with much caro by Pdclet 
in bis excellent ' Treatise on Heat.’ But it is to be remarked that tho use of such or such a com- 
bustible depends much less tipon its venal value than upon the greater or less facility with which it 
can bo procured in each locality. Thus, some countries possessing coal and comparativolv little 
wood, like England, France, and Belgium, usually adopt the first as fuel, it being aim) the one 
that gives out the meet heat as it oocupitw tlie least spaces and is capable of producing a more 
intense increase of temperature at the focus. On tho other hand, there arc services, such as tho 
navy, which will always choose the richest combustible because of the economy of spaces But it 
also sometimes happens that a manufacturing establishment possesses some fuel emanating from 
its own works, ana therefore at its disposal almost free of cost, on which account it uses it withont 
liaving to inquire whether it is more or leas rich than this or tliat other. Thus it is that wo see saw- 
mills fee<ling their furnaces with sawdust and shavings, tan-yards using their tan, and the sugar- 
refiners of the colonies tho peelings of the dried canes. So that tho cost of the unit of lieat could 
only have a real interest m such an evi>nt as all the combustibles being equally accessible, a 
circnmstance which, we may safely say, never takiw place. 

Mkcuakical PnorcBTiea or Steam. C<mditHm» rating to the Flow and Kxpfnditure of Slfom . — 
All that has hitherto been seen regarding steam may be considered as constituting its physical 
properties, that is to say, those natural phenomena, occasioned by the intervention of heat, which 
convert a body into a gaseous fluid tliat may W considered as such, and possewiing all the 
eliaracleristics of permanent gases. Like unto tho latter, and fluids in general, steam is susceptiblo 
of motions and effects that no longer arise from tho mutual actions of the ponderable or imjKmdeT- 
able elements of which it is fomi^, but from the mccJuinicai effort* to which it may bo subjected or 
which it is cn|iablo itself of producing. 

If we adopt water as our standard of comparison, we observe that this liquid, independently of 
its physical pro|)erties. such as density, calorific capacity, and so forth, {lOKsetutes also the mechanical 
properties due to the action of gravity, which enable it to be considered under the aspect of its 
motions, the velocity it can acquire, and the efforts it is able to transmit by yielding to the influence 
of gravitation and of its own snbstanoe. The same thing precisely happens with steam, and gases 
in general, which can move, acquire velocity, and, finally, exert mechanical efforts by virtue of 
their expansive force, which hero takes tlie place of simple gravity in a liquid. 

We propose, therefore, to examine steam under these several phases, giving to our investi- 
gations the title of pnntmodynamict. 

Flow of Steam through a i^arrow-edged Orifee . — When two vessels, containing gases of unequal 
pressures, are made to communicate, a flow of gas immediately takes place from tho vesnel where 
the pressure is the greatest to that where it is the least : precisely as it would occur if, instead 
gasea, the two vessels held liquids of different densities or uneven levels, or if one of them were 
entirely empty. 

Gases, like liquids, tend towards establishing their equilibrium, then, and in so doing, both 
follow the same law. 

It is shown that the -flowing of a fluid through an orifice bored in the side of the vase contain- 
ing it, and below the free surface, depends, os regards vclocitv and product, upon two principal 
conditions— the section of the orifice and the vertical distance wtween its centre and the surface 
of the liquid; and that tho velocity is expressed by the invariable formula v es ^ 2 gh (sec 
Htphafucs), where g equals 9'8088, and represents the velocity acquired in one second of time 
by a body falling in vacuum. 

It is abo shown that the volume of water flowing, in a given time, is the product of that 
velocitv by the section of the orifice, and by a certain coefficient of contraction. 

It LI exactly the same with gases, only that the height A of the liquid is replaced by the 
oxpaniivo force of the gas. Consequently, setting aside for the jirescnt tho other conditions of 
the problem, let us see what the value of A would be in the case of a gas. For this purpose we 
will suppose that the flow takes place through a narrow-etlged orifice which, 
by its contraction, diminishes tno expenditure, but without altering tho 
vdocity. 

Yelociig vdth which a Gas Jfows from a .Vtirrw-«^crf Orifice . — Theory and 
experiment both prove that the vek^ty of an elastic /luid, fi&wing in a ccrfoin 
mcditcm and through a narrow~edged orifice, is the ntme as that trAicA, under «imtYar 
conditions, would be possessed by a XON-ELAtmc Jiuid of rgtud density with the gas, 
but which, by its height of column above the centre of tfU orifice, would be capable of 
exerting a rrfa/iw/y equal jiressure. 

To render this theorem fully intelligible, let ui suppose two vases, A and B, 

Fig. 845, both standing in the same medium, the atmosphere for instance, the 
one being filled with a liquid and the other with a gas, under tlio following 
conditions:— 1st, the gas in the vase A to have a certain pressure; 2nd, tho 
liquid in tho vase B to be of the ntme density as the gas, unconflned, and liaving 
a height of column A sufficient to press the bottom of the vessel B with an 
intensity equal to tho pressure exerted by the gas against the inner sides of 
the vessel A. 

These conditions being satisfied, if a small orifice a be opened at some point of the vase A, and 
another b at the lowcrpart of the vase B, tho gai and the liquid will lioth begin to flow, and with 
the same velocity. This law enables us to work out a first problem which will assist us in 
establishing the general formula applicable to our present ri'ijuirements. 


8U. 
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Let tt bo proposed to Asoertoin Aith what Tclocity a soeotKl atmoapherie air, at a tcmporaturo 
of 0 dcgroca, would rcx-ntor a {M^rfcvt vacuum ; we have 


m. 

ProMure of air (in cent, of mercury) P = 0 *70 

Denaity „ t/ = O' 001299 

„ of mercury rf*s 13*598 

Proaaure of medium where the flow takes place .. .. p s 0*0 

Velocity of flow in a second of time 7^gh, 


It will ho seen, in accordance with the preceding theorem, that there onlv remains to ascertain 
A to oomplote the solution of the problem. Moreover, we know that that height must be eqnivalent 
to a column of liquid of tho same density as air, and exerting the same itressure at its Itase, 
that pressure being equal to the difference of pressures betwivn the gas ann tho iiudium whore 
tho flow takes place, or P — p. Hut here p being a vacuum, and consequently equivalent to xem, 
tho pressure P — p 1s exactly equal to P, and corresponds with a colnmn of mercury of 0”**76: the 
height of the column of non*elastic fluid that would balance it is, tlierefore, in the inverse ratio of 
the densities of tho fluid and tho mercury ; tliat is to say, 

* = *’ J = 0-78 X = 7955-7 metr«i. 

It wonld therefore take a column of fluid 7955*7 metres in height, and of the same density as 
the air, to bal ance a colu mn of 0"‘*76of mercury. Consequently, the velocity due to such a height 
will bo e = Vl9*62 x 7955*7 * 395 metres, the answer sought, or the velocity with which atmo- 
spheric air, at a temperature of 0 degr«^**i would re-enter an exhauskd vessel. 

In coses whore there is no occasion to keep account of the changes in volume and density eansrvl 
by temperature, this problem offers no diffleultv; and it is in this sense that we shall find the 
means of applying it to steam, of which the Tables at page 416 give the pressure and density in 
relation wita the temperature, which, consequently, may bo omitted from tho foregoing calcu- 
lation. 

Tho general formula for finding tho velocity of a gas nr steam is therefore the following: 

« = \/ 2j(P-rtj: 

wherein v represents the required velocity in a second of time: 

q „ the intensity of gravitation, equal to 9*8088; 

P „ tho absolute pressure of the gas or steam, in metros of mercury ; 

p „ the pressure of the medium where the flow takes place, expre^od in tho same 

units. 

tf „ the density of mercury compared with that of water and equal in 13 *598; 
d „ the density of the flowing gas, also compared with that of water. 

By introducing the fixed quantities into the preceding general formula, we first of ail get tho 
following expression : 

. _ 2^ - p) X 13-598 . 

d * 

which maybe simplified by obtaining tho product of these same quantities, till it finally becomes 

If the pressure P — p were expressed in atmospheres and fractions of atmospheres, it would bo 
necessary, in order to get the real initial height in metres of mercury, to multiply it by the height 
of mercury that balanocs one atmosphere. 

Thus modified, the formula would be 

« _ .y/T^9 8088 X 0*76 (F - p>r3~598 . 

*■ d 

by simplifying as before, we get 

. _ ,/202 737 6(f-p) . 

, _ -V ^ 

The resultant pressure P ~p, constituting the initial height of 
the eflbetive velocity of the flow, may bo derived from direct observa- 
tion, according to the disposition of the instrument used in ascer- 
taining it. That instrument wonld bo the Air Manotwtrr, or diffe- 
rential indicator of pressure, which may be used to measure the 
clastic force of a gas or steam in relation to a certain ambient 
medium. 

I^t us suppose a vessel A, Fig. 846, to enclose some aeriform 
fluid, at a higner pressure than that of the medium in which it is 
plac^. If we attach to it a tube B oontaining mercury, bent in tho 
shai^ of the letter U, with its shorter branch communicating with 
the interior of tho vessel, while its longer one is left open at the top, 
the internal p re s su re, acting upon the mercury, will cause it to rise 
in the open nranch. To find the conditions of equilibrium of the mercury, when it is thus 
displaoeo, it will be sufficient to draw a horixontal line N L tlirough the summit of the lower 
column, and then examine the nature of the pressure to which the mercury is subjected at every 

2 n 2 
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point of that line. In the longer branch it \« equal to the preasuro of the ambient me<lium. 
iihiji the heifrht A to which the mercury haa l>een raised in the tube ; and as it must be the aanie 
m the nhorter branch, and ia due entirely to the iire^Mirc in the reaervoir A. we conclude that that 

C rcMure ia equal to the external nreiiHure, plus the height A of the mercury. Conacquentlv, that 
ei^ht is precisely equal to the diflVrence of the two prettsures, and is none other than i* — p, 
which figures in the prece<!ing calculation. 

For the future, therefore, every initial preastire of the veloelty of a flow will be represented in 
nnr operations by a coluiuu A of mercury, olwer\*e<l in strict aceonlanec with the foreifrdnjr method. 
It is that pressure which, estimated in metros, must be multiplied bv tbe ratio of the density of 
the mercury to that of the fluid under oonsideratim]. in oruer to obtain the real height which 
becomes the initial of the velocity with which the fluid flows. 

Prt^ems reUitintf to th^ /?«p of Sifttm throv^jh Nitrrow^fiUjed Orifiem. — T>et ns propose to find the 
Telocity with which steam would flow in a medium of detemiinate pressure. 

Fir^ example. — Find the velocity with which steam would flow through a narrow-edged 
orifice into the open air under a pressure of 3 atmospheres. 

8oliition.— fttMim, under a pressure of 3 atmospheres, is represented hy a eotumn of mercury 
of P = 0'7d X 3 = 2'"*23; and the Table at page 405 indicates that its densitv is d = 0 001015. 
On the other hand, if the pro«ure of the ambient medium is 0’7G, the reijuircJ velocity will be 

^ ^ ^ 2U«_-7_6 x (2-2«^0:7§ ^ metres. 

0 001615 


Second example. — Find the velocity with which steam flows at a pressure of 5 atmospheres, 
difference of pressure between the reservoir and the medium in which the flow takes place being 
nteasured by a column of mercury « Q*-45. 

8»«Iution.— We have P - p = 0*45; and (f = 0*0025703, according to the same Table; 
whence 


c 


a/ 266*76 X 0*45 
00025763 


= 216 metres. 


Third example. — Find the velocitv of steam under a pressure of 3*75 atmospheres, the pres- 
sure of the medium in which it flows being 1*80 atmos])here. 

Solution.— By the same TaVde to which we have referred in the two preceding examples, we 
find that the tiensity of steam at 3*5 and 4 atmosph<fr»*s is 0*0018589 and 0*0020997 respectively ; 
therefore, the density of steam at 3*75 must apparently bo a mean between these two numlH?ra; 
that ia, 


Tlie pressure expressed in atmospheres, will this time bo 

P -p = 3-75 - 1*80= 1*9.7, 


Omsequentlj, by a suitable adaptation of the foregoing formula, we have 
, ./ 202^7376 >T 1 * 95 _ 


The above examples being siiffleient to illustrate tbe application of the rule, we wilt not add 
any more; hut merely make a few remarks called forth by the rule itself. 

The arraugement of the formula shows the general inode in which gases flow, and further 
points out that, 

1st. The vtlocitie* arc proportivnal to the equate root$ of the effedive pressures; that is to say, to 
the exeeas of presrore that causea the flow ; 

2nd. Thc\f are laeerse/j/ as <Ae mju>tre roots of the deasi7i>s. 

From which we conclude, in addition, that when a gas ia compressed whose density is propor- 
tional to the pressure it bears, with an even temperature, the velocities are always etiual, wliatever 
may be the degree of compression. 

With regafU to steam having a maximum of elasticity whnae density is not proportional to the 
exjiansinn, there exists, however, a limit where the velocity of the flow ceases to increase with the 
pressure. 

For instance, let us suppose two currents of steam flowing into tbe atmosphere, the one a*ith an 
expansive forc«' of 5 atmospheres, the other of 10. and whose densities, according t<» the Table, 
page 405, are 0*0025763, and 0*0048226 res|tectively, and eudeavour to find their correaponding 
velocities. We have, 

Fot 5 atmospheres, r = = 562 metres; 


Fi>r 10 atiorMphcrM, t - ‘s/ — — ~ mitre.. 

That ia, a difference of only 53 metres in velocity for a difference of expansion of 5 atmospheres. 

Ttiiiee amt tfmpAir Tmcimt in Jteferenre to the Ftov of The solutiou of such problems aa 

those we have just bi«en examining always requires a s|N'Ctal aptitude, and too much time for 
ordinary prartitionera, as a rule, to turn them to their fullest account ; moreover, thi-re are inte- 
rests of another order involved, and not less iin^Mirtant, that render it imiierative not to tnist to the 
nneertain re-iults of 41^*01 calculation: a manufacturer, on the rontrarj', needs reliable informa- 
tion, such ns can alone cmniiak* from the labours of the man of science, in the quiet seclusion of 
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hit! own «tudy, and away fmtn every other preoccupation. That ia why tables are of such unde- 
niable utility, by enabling the solution oi a proposed question promptly and aith certitude: for the 
H^rcfl we lx>rrow from them form port of a series in refrular pm^ression, whose terms verify one 
another, so to speak, bv their simple <vmnectioo. Therefore wu Imve always endeovouretl, as much 
as possible, to make tkem accompany tho practical rules, in order to simplify calculations and 
ensure correct resulta 

It is with this view that we priKluce the two following; Tables of the velocity of steam under 
the circumstances most generally met with in practice, lliese two Tables, which may bo readily 
made by means of the foregoing rules, are taken from that excellent work, 'The Locomotivu 
Driver's Guide,' by MM. Flachat and Petiet. The first relates to tho flowing of steam in the 
open air, under pressures varying from 5 to I’Ol atmospheres; together with its density, or weight 
of a cubic metre for each pressure. Thu se<>iud Table gives the velocity of steam under pressures 
of 5, 4, and 3 atmospheres, in media whose pressures vary from 4*U5 to 1 '25 atmrwphuri^ whilo 
one colomo is reserved for the eflfective pressure exerted by the steam upon every square mHre of 
surface. This pressure is evidently the same in the three cases where the resisting pressure is 
the same, since the difiTcrences also are identical. Consenuentiy, these two Tables compleb^ the 
series. Afterwards we shall give a graphic tracing, whereby the same problems may likewise bo 
solved. In all ca.ses tlie flow U sup(>OM-<l to take place from a narrow-4«lg«.^l ortfi(^e: for, were its 
thickness considerable, and comparable to the developmeut of a tube, the velocity would bu 
altered. We sliall have occasion to allude to this view of the subject presently. 


Txulx I.— Tuk Velocity with which Steam escacbs ikto the ATMosniESB uxdkb 

MFFEKENT 1*KES8L'RES. 


1 

Abwliite ' 
pTPMure ' 

Wrtcli! of a 

V'elodty 
In » 1 

.Secutud. 

Ahsulute 

lYnMure 

Welgbl of S 

VelKity 
In a 
Second. 

Abaolute 

Freaaure 

Weight of a 

1 Velccliy 
In a 
Second. 

of the 1 
StMin. 1 

Cnbto Mtur. 

of the 
Steam. 

Cubic Metre. 

of like 
Steam. 

Cubic M^ire. 

5-00 

2WM 

562 

1-75 

0-984 

394 

1-12 

0-074 

194 

4-75 

2-457 

551 

1-60 

0-900 

368 

1-10 

0-6:46 

178 

4-50 

2-3:44 

549 

ISO 

0-854 

313 

r«> 

0-630 

170 

4-2.5 

2-217 

516 

1-45 

o-k;4() 

3:41 

108 

0-f]26 

161 

40« 

2-096 

537 

1-40 

0-800 

318 

1*07 

O-OTi 

151 

8 75 

1-972 

5:40 

l-:i5 

0-778 

:402 

1-06 

0-619 

140 

3 ',50 

1-855 

520 

i-:«) 

0-750 

2S5 

1-05 

0-610 

129 

3-25 

1-734 

512 

1-25 

0-722 

2>>5 

1-04 

0-607 

116 

300 

1-611 

502 

1-22 

0-705 

252 

1-03 

0-601 

. 101 

•Z-75 

1-4H7 

488 

1-20 

0-698 

242 

102 

0-598 

i 82 

2-50 1 

1-363 

472 

1-18 

0-681 

232 

l-Ol 

0-59.5 

58 

2-25 

1-238 

451 1 

1-16 

0-670 

220 

1-00 

0-590 

“ 

2-00 1 

1-111 

427 

l-u 

0-658 

213 


.. 

1 

Table II.— The Velcxtity with 

WHICH Steam esoafes into 

5IeHIA of different PREHSI'RES. 

Htsam 

AT & ATMQsrUKau 

Sn&AM AT 4 Aiwaanuass 

StSAM at 3 ATKOaniCBCB 


AisuU'Ta 



Amo LUTS 



Amourrs. 


Prps«Hr* 
tD ibo 

Receiver. 

UTrctlvo 
PrvMure {n 

VelKity 
to Metres 

Premre 
In the 
Receiver. 

KfrecUve 
PreaMre In 

Vetorlty 
in Metre* 

l*rewinre 

RffecOve 
PresMire la 

Velofliy 
in Metre* 

klUsk. on wery 
Square M^trv. 

In one 
Srcund. 

klloa. on every 
^lure M^tre. 

In one 
Second. 

Receiver. 

kilo*, on every 
Square Metre. 

in one 
Second. 

4-95 

517 

6:4 

3-95 

517 

6i» 

2-95 

517 

79 

4-90 

1-0H4 


3-90 

1-034 

97 

2-90 

1-0:44 

112 

4-H5 

1-5.50 

108 

3-85 

1-550 

120 

2-85 

1-.550 

137 

4-KO 

2 -oirz 

125 

3-80 

2 067 

139 

2-80 

2 '067 

ns 

4-75 

2-584 

140 

3-75 

2-584 

155 

2-75 

2-584 

178 

4-05 

3-618 

HU] 

3-65 

3-618 

184 

2-65 

3-618 

210 

4-55 

4-651 

188 

3-55 

4-651 

209 

2-55 

4-651 

238 

4-50 

5-168 

IIW 

3-50 

5-UW 

220 

2-50 

5-llW 

251 

4-25 

7-752 

242 

3-25 

7-752 

269 

2-25 

7-7.52 

307 

4-00 

I0-3.16 

281 

3-00 

10:4:46 

311 

2 00 

10-3:46 

355 

3-75 

12-i*20 

314 

2-75 

12-920 

.H47 

1-75 

12-920 

XHi 

3-50 

15 504 

314 

2-50 

15 -.501 

380 

1-50 

15 504 

42:4 

3-25 

18-088 

371 

2-25 

18-088 

411 

1-25 

18-088 

469 

8-00 

20-ir72 

396 

2-(K> 

20-672 

439 




2-75 

23-256 

421 

1-75 

23-256 

466 




2-50 

25-840 

444 

1-50 

25-840 

491 




2-25 

28-424 

4f]5 

1-25 

28-424 

515 


•* 

•• 


Graphic Tnicin f . — The method of tracing which we arc now going to explain, and whereby tho 
velocitiia of gases through nnrmw-c<iged orifices may be ascertained, is due to Robert Bisho]) 
Hennessey, and is analt«ous to that given in their ‘Treatise on Hydraulic Motors,* for the purpose 
of estimating tho expen^ture of water through orifioee with a load upon the centre. 
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Thii one, Fi|r. M7, is m arren^ as to give the maxiraaro Telocity of gaaet haying denaiiiea, 
oomimretl with tlmt uf aatcr, which vary from 0 0005 to 0 005, ami relatiTe preMures fhMn 0 to 
5 atmoepbcrcs. A aeries of right Uzm», atarting from the point D, oorreapooda, for the eurve A ^ 



to pressure Tarring fVom 1 to 5 fttmoephcrcs, and, for the ourvo A F, from O' 1 to 1 atmoaphera. 
Another sc-rios vertical lines, iticludiog A D, represents the densities from 0*0005 to0*005. The 
npjM^r acale BC expressca the velocities in large uivisions of 100 metres. 

i'*t of tht Tracimj. — Find the intersection of tho vertical, indicating the density, with the 
oblique, corresTOnding to the relative pressure P - p, and, from the point of intersection, follow 
the horizontal line till it meets the curve ; from this soennd point draw a vertical lino which project 
till it reaches the scale BC, and you have the velocity required. For instance, we want the 
vclficiiy of a gas whose density is O'OOOO, and whoso relative pmMure is 4 atmospheres. We look 
for the inli'rM«ctinn n of the vertical line 0*0000 with the oblique line 4D, and from that inter- 
iitoction wc follow tlie liorizimtal line till it meets the curve A E at 6 ; then, hy raising a vertical 
line from this last point to the scale B C>, wo then obtain an approximate rca^ng of 940 metres, 
which ia tho velocity sought. By strict calculation it would be 943 metres. 

To give an example of the use of the second curve, let us try to find the velocity of a gas whose 
density is 0‘002, with a relative pressure of 0'7 atmosphere. The process is exactly the same. 
The intersection c, of the oblique 0*7 D, with the vertical corresponding to tlie number 0*002, 
gives the borixontal dothnl line cd, which cuts the curve A F at d; by prraucing a vertical from 
this point on to the scale above, as before, wc find about 265 mMres as the required velocity. 
Mathematically it would bo 266 metres. 

These slight difTerences between the quantities found by calculation and those obtained by 
means of the diagram do not arise from any want of accuracy of principle in the latter, but solely 
from difficulties of execution, it being impossible to complete the subdivision of the scales ; but hy 
eiiUrgiiig the tracing, this obstacle may be Icwenod or Removed, and the result becoiuea profior- 
tionaUly more correct. 

It would be precisclv the same thing ft>r nnv value not indicated in this diagram ; all tliat ia 
required is to suppose t)ie line A B. as base, divided into quantities proportion^ to everr inter* 
mediate pressure between 0 and 5 atmospheres, wiili obli(}ue limw running from the several points 
to the point D. As regards the series of verticals of density, the same principle may bo carried 
out, by imagining intervening lines at distances inverse to their values, for such densities os are 
not comprised in the diagram. 

Velih'iitf of (uts Jiovinj thrmttjh a Pipf . — Hitherto we have only considered tho velocity of gas 
flowing through a narmw-odgod oriflcc, wlier»* the friction is, oonso<|Uenlly, insufficient to protluco 
any mdiocalde effeot ; but when a gas passes through a pipe of a certain length, the case is very 
<lilfenuit. 1'hcn its velocity, as it leaves the pipe, is less than that which would be due to the 
initial pressure in tho roaervoir, or to its exoena of preasuro P — p over that of the medium into 
which it flows. There must have lx*en, therefore, a loss of force occasioned by the resistance of 
the pipe to the motion of the gas. The leameil D'Aubuisson found that n*aisUooe su^jert to thu 
follciHing laws: — 

1st. The resistance is proportional In the length of pipe; 

2nd. It increases with the square of the velocity ; 

3rd. It is in the im*crse ratio of the diameter. 
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Let us, coosequently, call 

P) the prctwtdre withiu tho reservoir, or its excess A over that of the medium where the 
flow takes place, expressed in metres of mercury ; 
p, the initial height of the efToctivc velocity with which the gas escapes at tho end of tho 
pi()e ; that height likewise expressod m metros of mercury ; 
r, the effective vohwity ; 

L, the length of the pipe iu mbtres ; 

D, its diameter, also in metres : 

D’, its diameter at the extremity, or that of the aperture whence the flow takes place, tho 
pilio Wing supposed to terminate with a conical oonvei^iug ajutage; 

A, an experimental coefficient. 

Wc then have, according to D'Aubuisaon, tho following relations; 

Tho mean velocity u of the flow throughout tho whulu length of tho pipe will be evidently 
equal to its effective velocity v ou leading the ajutage, multiplied by the inverse ratio of the 

D'* D'< 

si{uares of the diameters D and D', tlmt is to say, a s o x ; and a’ = c* x • 


But tho velocity v U represented by e = a/ 2 jp, whence r* = 2jp, and p = p being, as 

we have said, the initial height A of the velocity with which the gas escape-s from the pi|)e. Chi 
tho other band, considering that the force absnrbi^ by the resistance of the pipe has resulte<l in 
the rtMluction of tho pressure from P to little p, tliat force will be expressed by P — p; so that, 

L a* 

fnxn what precedes, wo get tho following equation : P — p s& A . But tho foregoing relations 
r* r* X)** 

give ps — , and a’ s ; substituting, therefore, these values for p and u*, we obtain 

V* ^ L c* D’ < 

P - - — — A — =rr — f whence, extracting at once the value of c, wo gut 


’= V 




[K] 


This value, therefore, is that of tho real velocity with which the ^ escapes (settiug aside its 
density for tho momentX after traversing the whole length of tlie pipe, and issuing from a con* 
tracted orifice of tho diameter !>’. 

If the oont^Uxl orifice of tho ajutage were cvjual in diameter to the pipe, wo should have 
D’ s D, and the formula would be modified as fi»llowrt : 


p 


= \/ 


•in I'D 
i2tfL + D’ 


w 


As to the value of the coefficient A, it is deduced from IFAubuisson’s experiments, who ascer- 
tained that of an experimental number n, whose mean was 0*0238, in which 2g enters as factor. 


Consequently, by performing the division we have 


0*0238 

10*02 


= 0*0012, which number becomes tho 


value of the coefficient A. It is evident that this result is very liable to change accorrling to the 
nature or state of the surface over which the gaa has to peas. D’Aubuisson obtained it by making 
atmospheric air pass through tin tubes, which must have offered but little nrsistance oompoird with 
cast-inm pi|>eA, whoso surfaces are usually rough. It Isyyjim-s then a matter of option either to 
adopt this value in the almve equations, or else to substitute in the denominator tho constant 
nunil>er 0*0*238 for the factor A2</, whereby tho final values will be in r>o way change<l. 

To end this subject ami give a few examples, wo will now complete the formula by applying 
the multiplier relative to the ciensitica. TUc velocities represente<l by those formulas, suen as we 
have defined them, are those that would correspond to heights of manometrical pressure; that is to 
say, expressed by columns of mercury. In oroer to obtain the velocities of gases having tho oor- 
responding pressures, it is sufficient to multiply, as before, the two terms beneath the radical by 
the ratio of tho densities of tho mercury and the gas under consideration. By again representing 
the density of the mercury by (t and that of tho gas by d, wc have 


r = y/ 2nt'D‘ -v/ ZOe - Tli PP* 

+ D» i/ (0'023liLl>'* + !>*)>/ '• ■’ 

for the find formula [K1 where tlie diameter of the orifice from a*hich tho gas flows is supposed to 
be different from that of the pipe. And for the second formula [L], where the diameters are equal. 


[N] 

(0*0238L-bD) d *• 

It may be useful, however, to observe that, in the latter case, the coefficient ought perhaps to 
lie nMKlitii<d, since it was obtained by moans of pipes with a contracted eml. But tho error com- 
mitted by leaving it os it is would be of very little importance, considering that in practice the 
departure from theoretical results is generally far greater. 

i*rr/ficnu reUttimj to ^A« Vojitagt of a Uaa through a i’lpe.— Let US endeavour successively to find 
with ahat velocity both air and steam would flow, under the two separate oonditintis; — 1st, where 
the jiipo is tenninated by* a conical ajutige^ diminishing tho diameter where the gases escape; 
*2tid, where the diameter is the same throughout. 
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First example.— Find the velocity with which air flows tbroQgh a pipe having an ajotage, with 
the following data : — 

Pressure nr height A at the ocmmiencement of Uio pipe .. P = 0* 10 metres. 

l>ength of pipe L = 60 „ 

Diameter of pipe .. D=0*20 „ 

Diameter of oriflee where it escapes D'=s0-05 „ 

Bupjioaod density of the air (according to its temperature) d = 0 0013,, 

fv)lution. Formula TM].— Admitting that the state of the pipe admits of the application of the 
cooflkient given by D'Aubuisson, we ti^ 


2G6-76 X 010 X 0-20_ 
I X 60 n o'^+o'^ ) X 


= 140 '9 metres. 


If the velocity were not affected by friction with the pipe, it would bo the same as that due 
directly to the pressure 0*10, according to the foregoing rules, and equal to 144 metres. There U, 
then, a loss of rather more than 3 metres, which is very little. But that is Itecauae we have sup- 
jtoacd the orifleo where the gas escapes to be much smaller in diameter than the pipe, whereby the 
velocity is lessenetl in pnqmrtion. For, the diameters being respectively 20 and 5 centimetres, the 
mean velocity u within the pipe will only bo -y^th (square of the ratio of the diameters) what it is 
on leaving it, barring a correction on account of the contraction of tlie orifice, and whose coefficient 
is equal to about 0*93, ' let 


140*9 X 0 0025 X 0*8C49 


= 7*61 metres. 


8o that the loss duo to friction is extremely sraall. 

8wind example.— Find the velocitv of the flow under the same c 
«xc4‘ption that the pipe is sunixsied to be completely open at the end 
Solution. — By adapting toe formula [Nj to suit the case, we have 


f the flow under the same conditions as above, with tho 
completely open at the end ; so that we have D' = D. 


,= -v/ 266-76X 010x^20 = 50 4 mJtrea. 

(0 0238 X CO + 0-20) X 0 0013 

It will lie perceived, in this instance, that the velocity is notably altered ; but it must also bo 
observed that that has U<en its mean velocity throughout its entire course. 

Third example. — Find with what velocity steam would bo discharged through a pipe luto the 
ambient air, with a pressure of 4 atmospheres, under the following conditions : 

Effective pressure of tlie stcam(3 atmospheres), or.. Pse 2*23 metres. 

Density d = 0 0021 „ * 

Length of pipo L = 25 „ 

Uniform diameter of pipe D = 0*12 „ 

. Solution. Formula [N}.— The mean velocity within the pipe, as well as that with which tho 
sUam escapes, are apparently equal to 

v= 26^76 X 2-28 X_0 12^: “ ^ metros. 

(0-0238 X 25 + 0-12) x 0 0021 

Had the velocity not been altered, we should have bad 

538 metres. 

0*0021 

The change in the velocity is, therefore, very considerable; but, as the velocity is also great, 
the result is simply in conforniity with the theory according to which tho force absorbed by friction 
increases as tho sauare of the velocity. 

Fourth example. — I.<et us take tho same data as before, but with a diameter of pipe of 20 centi- 
metres instead of 12, so as to see what effect It will have. 


Fourth example. — I.<et us take tho same data as before, but with a diameter of pipe of 20 centi- 
Ires instead of 12, so as to see what effect It will have. 

Solution. — Using the same formula, we have 

. = -v/ 266;76 X -2 28-V0:20— ^ ^ 

{0 0238 X 25 + 0-20) X 0 0021 


268 metres. 


in lieu of 220" '6 with a pipe 0"*12 in diameter, and about half the maximum velocity 538 duo to 
the relative pressure of the steam if no friction existed. 

Volumea of SUam that art diachar^td thrtftujh aimplt Orifeta and Pipes.— It is clear tliat the only 
difficulty in the way of solving the question of the expenaiture of ga^ and steam, was the ascer- 
taining its velocity. As to the volumes discharged, they are, ns in the case of inonmpressiblo 


Volumta of Sttam that art diachar^td thratujh aimplt Orifeta and Pipes.— It is clear tliat the only 
fleulty in the way of solving the question of the expenaiture of gases and steam, was the ascer- 


fluids, the product of that velocity by the section of the orifice, and by a coefficient of contraction 
deUfrmined by experiment. Consequently, the latter part of the problem may be considered 
simply as a remark, having referenoo princiiially to the coefficient of contraction tliat ought to bo 
adopts. 

Cot^cienta of Cmiraction. — D'Aubuisson found that, as in tho case of incompressible fluids, tho 
ooofficionts of contraction m applicable to the expenditure of gases had the following values: 


For a narrow-edged orifice .. 

For a short eylindhnal ajutage 

For a short ajutage, but sliglitly tapering 
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To obtain the real expenditure it itlffioes, therefore^ to multiply the theoretical pfoduct by one 
of the above values, aooordinK to the nature of the case. 

First (example. — A rartain gas tfowa through a narrow^slged orifice 5 contimHree in diameter, 
with a velocity ei^ual to 150 metres a aeoond ; find the total volume Q discharged in a minute. 

^ <Tw*x ^ X 150 X 60 X 0*65 

Solution. — We find Q = — — s 11*466 cubic m^trea. 

Second example. — The orifice of the »unply-pi|w being rectangular and measuring 20 oenti- 
mHres by 3, and open in full during a reduced time of 0*5 of a second, what volume of steam 
would cuter the cylinder of an engine, supposing the pressure and density to oorreepond to a 
velocity equal to 300 metres ? 

Solution. — We have 0*03 x 0‘20 = 0*"*006 for the surface of the orifice. If we take 0*9 aa 
the oooffleient, then Q = 0*006 x 800* x 0*5 x 0*9 = 0*810 cubic metres. 

As regards the expenditure tlirough a pipe, we may obaerve that, in the case of a narrow 
ajutage, the mefikient 0*93 may l>e used; but it is to be dispensed with when the pipe is 
cylindrical. The operation is reduced, therefore, to precisely the same terms as before. 

XoU rrlaiiiKj to fAc Jfndin'f the />uimc^cr of a Vipe wAcre thf Fto%t u to t^ikr pAire umUr rt>rtmn Fixed 
Cunditi<m $. — Generally s|teaking it is not a difficult problem to ascertain what ought to be the 
dimensions of an oriUoe in order to satisfy certain definite conditions; but it U not the same aa 
regards the dimensions of a pipe, whose diameter, we have seen, enters as two different powers iu 
the expression of the vclncitv and the expenditure. It is itossihle, however, to arrive at a practical 
result of sufficient accuracy by the aid of a simple method of which we will endeavour to lav down 
the elements. Of course we suppose the pipe to be uniform in diameter and without oont^tioo. 
If we bring together the expression of the velocity and that which corresponds to the section of 
the pipe — which we have supposed all along to bo circolar^and multiply the one by the other, 
the result will evidently be ouual to the volume Q dischargc'd under the said oouditions, since 
it will be the product of the velocity by the scctiou. Thus we have formula [Xj 

2«B*76P D 3 1416 D* „ 

(0 0238 L + D)d’‘ 4 


Hquaring the two members, and repreaentiug by a the product of the invariable quantities, 
with the exception of the coefficient 0*0238, it becomes Q* =: (0*6^^^Djd' 

As we want, now, to find the diameter D, wc must draw its value from this formula. But as 
that operation would be very difficult to perform in a direct manner, on account of the two powers 
D and D^, we extract the viduo of 1>* aa if D were known, and wo find 

(0'0238LTD) Q'd 


flP 


And I 


X 266*70 = 164*5576, 


i u is a fixed number, and equal, as may be seen, to 
^ 3- 1416 J 

we extract its fifth root, which is equal td 2*8, whereby wc divide the unity, which gives 0*3571: 
Gall it 0*36, and taking that number as multiplier from the radical, we arrive at this liuit 

expression ; 

; ^ to 0238X + P)Q*d ^ [O] 


D = 0*36 


Now, in order to work by means of this formula and finally diaenga^ D, this is what may be 
done: We operate, in the first place, by considering D under the radical equal to 0; we shall 
thus obtain a first value of 1>, though rather a weak one. We then recommence the process, this 
time assigning to D under the radical the approximate value found by the first operation. The 
aectiod value of D thus obtained, will always be near enough for all practical purposes^ if, 
however, these two successive values were to present a ver^ wide difference, the accuracy of the 
second value might he tested by |>erformiiig a third operation wherein that value would in turn 
bo substituted for D under the n^ical, and might be considered correct if the result of the said 
operation turned out to be apparently e<iual to it. 

Example. — Be it required to find the diameter D of a pipe under the following conditions : 

Length of pipe L s 100 metres 

Expenditure of gas in a second of time .. Q .= 0*5 cubic mHres 

Reiativo pressure of the gai P = 0 * 7 metres (mercury) 

Density of the gas da 0*002 

Solution. Formula [Oj. — By considering 1) under the radical equal to 0, we have 

D = 0-3C ^ 


a first value of D, which we substitute in its place under the radical, in order to perform the 
second operation, when we find 

D = 0 36 _ 0-101- 


and as this last result is the same as the first, we may be sure that we have the true value of the 
required diameter, aud uo further operation is neoessary. Aa it may appear strange that the same 
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answer ehonld be obtained from two formolaa, one of which contains a quantiW more than the 
other, wo must obscrvo that the results are, in reality, different, but that that difierence manifests 
itself only in a series of decimals tliat are not appreciable in practice. In general, the rery 
disposition of the formula loads ns to understand that it is safficient if the leng^ of the pipe is 
utjual to several times its diameter — which is almost always the case and may be asceiiained 
bi>fnrchand — for the result found by tho first operation to give the true practical dimonsinn 
required. A single operation would, therefore, be sufficient ; but it Is as well to verify it, either by 
repeating it and giving D its value beneath the radical, or by finding tiie expenditure of the pipe 
according to the conditiona laid doa*n. 

Thus, in order to test the preceding operation, if we seek the velocity of the flow according to 
tho lenglli of pipe, 100 metn^ its diameter O' 101, and the )>ressure 0*7, wo find it to be G2'60 
metres, which, multiplied by 0'008012, area of the circle 9*101, gives 0*501 cubic metros as the 
expenditure of tho pifie. It is needless to add that this result may be considered to be in strict 
ooiiformity with the primitive data of the problem. 

We shall limit ourselves to tliis much, considering that we have said all that is useful touching 
the expenditure of steam and gases; observing, however, that the preceding rules apply where the 
pi|>os are straight or curved, nut not where they have contractions or sharp angles, such as to 
deidroy a portion of the ns n'cvi of the fluid in motion. At the conclusion of this article we shall, 
as usual, give a list of such authors as may be consulted by those of our readers who are desirous 
of obtaining more complete notions upon the subject. 

Physical PaorsRTiKs os Stkam. — Tho functions of steam motors repose upon the mechanical 
nro]>ertios of tho aeriform fluid produced by a*ater in its physical change called the ttate of slcrim. 
^fore studying, therefore, the construction of such machines, it is indispensably necessary that 
we should give an exact account of the circumstances whereby Uie phenomenon of the conversion 
of water into steam is attended, showing the conditions under whicn it is accomplished ; the phy- 
sical effects that immediately result therefrom; the means of ascertaining their intensity; and, 
finally, tho part taken by tho chief imponderable agent, heat or cahne, and the oambustible sub- 
stances by which this latter is developed. Thus, it is with steam-engiuea as with hydraulic 
motors, the motive power is borrowed from natural agents, namely, Calouio and Gravity. 

By tho means or caloric, an inert liquid, poasossing gravity only, is transfonned into an expan- 
sive gas deriving its power from itself. When that said liquid has been previously elevatea by 
natural forcea, gravity seems to use it as a sort of receiver to whom it has entrusted its power in 
order that it may be restored at a moment whan that same liouid may bo utilized as a fait. 

The comparison of theae two iinitonderable agents, brougnt into play for the purpose of ob- 
taining motive force, is suggestive of a very interesting remark, which is, that, in both cases, one 
of the two agents, esdorio, has been the primal cause of tho mechanical effect obtained, since the 
water, elevated m> as to produce a useful fall, was raised solely by the action of heat, which caused 
it to eva))orAte so that it might afterwards fall in the sliape of rain, forming streams and rivers. 
It is quite certain that without that cause water would only be known to the world as an uniform 
level, prociscly on account of that gravity which forbids its being raised otherwise than by the 
development of some mechanical power of oorrosponding intensity. 

It may, therefore, bo said Uiat, in the two systems of motors, teaser and sfeom, the first phy- 
sical expenditure is supplied by calorie. 

In hydraulic motors, it effects the change of state by opposing tho action of gravity, which will 
restore later tliat ex])endituro of action after the return m>m tho vaporixed to the liquid state. 

In steam motors, tho effect of caloric is immediate, whilo that of gravity is, for tho time, 
eliminated. 

But, even in this latter case, it will be easy to see that the laws of parity still intervene to 
measure, in a manner, tho effects produced by caloric, which may always be expressod — like every 
other mechanical work — by tho raising of weights. 

It becomes, therefore, very easy to understand this transformation of natural powers, so intt- 
nifltely connected that their effects are equal, and exactly oom}N>nj«ta one another. This will, 
perha|ts, serve to explsiu the error into which some persons have fallen, who fancied that it cnuld 
erooitc an advantag(*ous motor, bv raising mater with the aid of an artificial vacuum formed by 
the condensation of steam, and then utilizing it by allowing it to fall upon a wheel or other con- 
trivance. 

But it must be evident that a volume of water, raised at the expense of a certain quantity of 
steam, cannot develop by its fall a greater power than that which would have been pi^ucecf by 
the direct use of the ideam : it is better, therefore, to adopt this last roetho<l. 

T>efnition of Uteam . — In nature, bodies present themselves under throe different forms, — the 
solid, tho liquid, and the gai^iis or aeriform. 

Were it not for the )iarticular circumstances under which these liodics are generally main- 
tained. some in one state, some in another, so as to enable u« to classify them as above, — with much 
stmn^r reason might we say that bodies have no absolute state, but may present themselves 
indiflerently under the one or under the other, which is true. 

The normal condition of the medium in which wo exist is tho solo cause of the distinction that 
has )>ecn a^lmithd into common {tarlancc. We say that water is a liquid ; iliat metals arc solids; 
that air is a gas, and so on ; and yet water may liecome solid as well as gaseous, and metals may 
bo made liquid and even into gas. If air appears not to possess the property of liqueiVing or 
ivtiidifying, it is in all probability because we are ignorant of the means requisite — not becausu 
they do not exist : other gases are known to l>o ca|iable of theM< changes. 

So that, — setting aside air for tho present,— the physical state of a body is a mere question of 
temperature. It is certain that, if that of the earth nowhere cxoecdo<l one degree centigrade 
below zero, water would bo class^ as a solid ; and. in tho opposito event, if the tmperaturo rose 
to a sufficient degree of heat, water would be called a gas. 
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Harine explained this in a geneml manner, we will now oocupv oniwelTea cxcloaiTely with 
lliat which coDcema the changea to which water may bo aubjectM. But, however great our 
(Iciiirc may ^ to aimplify oa much aa pouible the study of Btcam, it will not avail our readera 
imlem they have some Iroowledgc in physics, upon which we cannot enter here. We will thero- 
fore aup|)oee that knowledge to exist, embracing tho theory of gravity, hydrostatics, the equili- 
brium of gases, and tlio phenomena of heat. W'hcn occasion requires, nwreover, we shall not fail 
to recall to mind the fundamental laws of those diflerent branches of pltysics. 

/‘nan'/Ves of the Formatiim of If a certain quantity of water be placed in a Teasel or 

poured upon the ground in tho open air, it will gradually diminish in volmne, and, in course of 
time, disappear altogether unless renewed. The water is then said to have rc*tponxted^ or traus- 
formed itself into sti«m — that is to say, a gas~invisiblo like air and mingling with it. 

If, in lieu of leaving the water contained iu the vessel simply exposed to the temperature of tho 
surrounding atmosphere, wc plac*' it over a fire, it begins to heat, then to boil^ ami finally dis- 
appears, leaving the vase that contained it completely dry, provided no liquid be added, aud that 
tJie fire lie kept up a sufficient length of time. This time the water is said to have been tviponxAi, 
which means tlmt it ims again been converted into steam, but rapidly, aud accompanied by the 
phonomeuoD of ebullition. 

We see, then, that the transformation of water into steam, or its change from the liquid to the 
gaseous stahi, takes place under two different oonditiuus, which are, 

1st. iSVcic cmponifKtn in the open air, and without any effervesoenee; 

2nd. Vaporituiton^ which signifies the rapid and tumultuous conversion into steam. 

Those two methods, though differing in au|icarance, in no way affect the properties of steam. 
We shall learn, as we proceed, that those conuitious only prove tJiat steam Is formed at all tempe- 
ratures: and that, in Imth enstw, when passing from the liquid to the gaseous state, the water acts 
merely in obedience to a repulsive force of its moleculca, which have a constant tendency to 
st^parate from one another, overcoming the resistance of tho ambient medium. The formation of 
steam in vacuum fully illustrates this truth, and might, judging from the mere superficial evidence 
of our senses, constitute a third method, whereas it is but an explanation of uue single general 
phenomenon. We sball also see that this expansive force of tbe liquid molecules increases with 
tne teui|MTmture of Uic water. 

Ftjrmition of Steam in Kdrasm. — It has boon shown by means of the most conclusive experiments 
that the formation of steam is a permanent propertv in litjuids, and that they would immediately 
assume that state wore they not prevented, umler tlie ordinary conditions of their temperature, by 
the external pressure of tbe medium in which they are placed. 

Effectiuklly, if water bo introduced Into a space entirely void of air and where no pressure 
exists, that is to say, in vacuum, it Taixirizes instaDtaneously ; so that of an apparent and fluid 
Ixidy, there only remains an invisible gas Hko air: aud this phenomenon is accomplislifd no 
matter what the teniiieraturo of the liquid may bo. This curious fact is demonstrated by physicists 
in a very remarkable experiment, and the most satisfactory, perhaps, that could have been 
devised. 

Two mercurial barometers being disposed in tlio manner indicated by Fig. 848, and both at 
first marking tho atmospheric pressure, like B, a drop of water, whence the air lias been carefully 
ex{>ellul by ilistillation, is iiitmduceil into oue of the barometriral tubes, say A, 
at its lower cud by the aid of a bent pipe. On account of its speciflr lighUuMs the 
drop of water soon renebes the summit of the mercurial column and enters the 
bammetrical chamber or Torricelli’s vacuum. 

But here, and at tho same time, an extraordinary phenomenon takes place; 
the column of mercury falU while the drop of water disappears, entirely or in 
part, aoninling to certain roiMlitinns which we shall point out presently. Itu 
that, however, as it may, the fall in tho mercury is sufficiently great not to bo 
attribute<i to the mere weight of the liquid, which, by virtue r>f tlic immense 
difference existing between its oam density and that of tbe metal, would, at the 
most, have caused a depreasion in the latter scarcely appreriahle. Neither can 
it 1)0 accomited f«>r by a certain quantity of atmospheric air disengaged from the 
water, since tliis last was previously purged by distillation. 

We are, therefore, Itouud to conclude from this experiment that a gaseous 
body has btH>n formed in the bammetrioal chamber, endowed witli au expansive 
force capable of causing tbe depression a, which may be easily measured by 
means of the l)nn)meter B, that lias retuaiuod intact. Tliat gas is none other 
than tho steam arising from the water, whose molccuh's, no longer uotler the 
influence of atmospheric pressure, have separated from one another with an effort of repulsion 
which is exactly measured by the bammetrii'al depression a resulting therefrom. 

8o that, iu principle, the transition of water to the state of gas or steam is tho Oonaeqnence of 
a imtural ex|)an8ion of its molecules, which only becomes manifest when it is capable of surmount- 
ing the pnosure of the ambient inetlium. 

The /njluenre of 7’emfter>ilHre on the Formation of Steam. — Tho fbrmation of steam in vacuum 
l)cing a generally established fact, if, now, account he kept of tho temperature at which the water 
was inthKlucetl into the Promoter, we shall a<v|uire the certitude that the tendency to vaporiza- 
tion varies with that temperature, and that, as tbe latter increases, so much greater is tho deprenion 
of the mercurial column. In oilier terms, the clastic force of steam augments with the temperature 
of the water by which it was engonderfd. 

The better to impress the mind with this important proposition, let os sup^Kwe, in the last 
experiment, that one decigramme of water was introduces! into tho barometer at a temperatoro of 
+ 20 degrees centigrade ; we recognize fmm observation that tho depression of the mercurial 
column would in that case be about 17 millimetres, that is, assunung that the water lost mme of 
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itii heat ID paming throuj^h the mercury ; it may, therefore, be aaid that the pressure exerted by 
the steam thus formed is equivalent to a small ooluinu of mercury of that height ; that is, 
of the entire column, or rather more than ^ of the total atmospheric pressure. 

Before enlarging more fully uprm these prinri|ml pm|tertios of stemn, it will perhaps bo useful 
if we give a better explanation of what is to b<i understom by timoi, and of its real omstitution as 
compared with the notions one might be led to form thereof from a mere casual view of the question. 
Steam, a ith its pntperty of expansion, and in tliat pliase of formation in which we have supposed 
it to is in reality a transparent, invisible fluid, lixe air. The grey or white vapours that eveapo 
from a vessel cx>ntaining boiling water, from the chimney of a locomotive engine, and so forth, are 
frequently designated as «/cEim,* but iinpMperly so, since tlK>sn mists are but an immense agglcv 
meration of microscopic globules oompot^ of a layer of liquid water enclosing steam, and floating 
in the air, but the whole assemblage of which does not possess the slightest elastic force. They 
may be regarded as the transitory form assumed by steam in returning to the liquid state caused 
by relative slow cooling. The pheuocnenon of fogs is often witnessed in the atmosphere, when the 
gaseous vapour which it always ootitalns In a greater or less degree is, from some cause or other, 
partially condensed. 

TAe Marimum EUuik Forrt of Ste<vn. — It is clear, from the foregoing ex})oriment with the 
barometer, that, since water only vaporizes so long as it meets witli no opposition from the external 
pressure to which it is subject<d, tnat vaporization ought to cease as snuu as the steam already 
formed has an^uired precisely that tension which limits, with a given temperature, the expansion 
of the liquid mnleculca. And this, in fact, is wliat hajipcns. For, if a stifBcicnt quantity of water 
be introauc«i into the barometer, the whole of it does not become tmnsfnnmd into sP'tuu. but a 
portion still muains rm the top of the column of mercury after the depression of the latter has 
taken place. In order to attain this result it is necessary that the volume of water introduced 
should bear a certain relation to the size of the barometrical chamber, including the fall of tlie 
mercury. Wheu these conditions have beeu fulflJUd, thechainWr is said to be tatunitrd^ tluit the 
iUitm has attained its maxtm«/n of expansion or Hattie force. This ts tantamount to saying that a 
snlBcient pressure has been engendered to balance the Umdency of the waU^r, with its actual 
temmratur«% to transform itself thrmigh the ex|Nmsive forc«‘ of its molecules. 

'niings Ming in this state, if by some means wo aro able to enlarge the space (wenpied by the 
steam, fresh quantities of water will be vaporized, and if we continue increasing it, not only will 
the whole of the water disap|>car, but the steam will still flil it and yet its pressure will uot be 
completely destroyed. 

if we have recourse to the op|)omte process, and lessen the spac«, a iiortion of the water that 
bad been converted into steam returns at once to the liquid state: and should we persevere in 
reducing it until it equals exactly the volume of the water origiually introtluced, the outiro mass 
then assumes its primitive form. 

These properties, which are an inevitable oonscquonco of what wo have said touching the 
equilibrium between the tension of the steam formed and the natural expaimioii of the molecules 
of the liquid mass, are rendered clearly evidemt by the aid of an instrument called a w// b^irometer. 

This instrument consists of an ordinary barometer, A, Fig. 849, but whose l*asin is formed of a 
deep tube B, widening into a cup at the top and partly fllletf with mercury, constituting a sort of 
into which the tube A may bo plunged to a considerable length. As the 
height of the mercurial column is invariable and has for its base the level of the 
open surface in the basin, it follows, as a matter of course, that, by immersing 
the tube A in the well, the deeper it goes the smaller in proportion will the 
barometrical cluunber b^me. If, eonseijuently, we make a orop of water <i }iasH 
to the surface of the mercurial column, as before, the 8t>ace occupietl by the 
steam will increase or diminish according as we raise or mwer the tube in the 
well. By raising it the drop of water grows gradually smaller, and finally dis* 
appears altogether. By continuing thus to augment the barcnnetrical chamber, 
the mercury — repulsed at first by the elastic force of the steam — will be seen to 
reascend towards its normal height, but without ever exactly attaining it, even 
could the tube be indefinitely raised ; which clearly proves tiiat the steam con- 
tinues to occupy the additional spaces offered to it, and always exerts a pressure 
whose intensity is in the inverse ratio of those s{iacoa. 

If now we replunge the tube A deep into the well, wo shall see, little by 
little, the water reappear, and the whole of the steam will return to the liquid 
state if wn immerse the tube sufficiently deep to reduce the vacuum to the 
dimensions of the drop of water. 

This experimental result has caused physicists to say that, although steam, 
like gases, possesses an indefinite force of expansion wtiich enables it to dilate 
as the dimensions of the vase containing it are increased : it is not, like most 
gases, indefinitely compressible; but, that it has a maximum of HtutirUy or com~ 
pression beyond which it ceases to resist, and. by condensing, returns to the 
liquid state. But this, however, in no way proves that it has not properties 
entirely identical with tlinse of gases; for, l>eynnd this fact, which nothing 
authorizes us to afBrm, that gases are susceptible of any amount of compremiion, 
it has been nbservwl that several of them liquefy in reality, if subjected to sufficient pressure. Of 
this number is carbonic acid, for instance, which U^mes liquid under a pressure of 45 atmospbercs. 
Other gases liquefy with a much loss pressure. But steam offers an advantage seldom or never 
met with in permanent gases, and that is, the fncility of obaerving the cvmdensation that takes 
place if we endeavonr to compress it beyond a certain limit. It is that limit that has l>ceD 
termed the suxtmuTO of etastic force, and wtich varies with the temperature of the liquid by which 
the steam was generatad. It would appear, then, from this, that in vacuum, when the quantity 
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of liquid ta snfficieni, the it««m eoqulree immediately itf maximum of elaatle force, after which 
the va{iorization instantly coasea if no modifleatinn of space takes place. By aayinK that at that 
moment the space is intturttM, we use an expression that renders well the idea wo wish to convey 
of the formation of steam which can only I'ontiuuo to disenga^> itself so long as its own pressure 
offers no opposition to the ermtinued expansion of the liquid molecules. 

The bcttpcea thu KttuUc Ihrce of >7cam and iU Ternperatun^. — Now that the principle o( 

the formation of steam has l>ocn rendered intelligible through the evidence affonled by its 
development in vacuum, it becomes easy to show how its power increases with its temperature. 
In the foregoing expi>rinient — the instrument ustwl being the barometer, which does not admit of 
the measurement of a greater pressure than that of the atmosphere balanced by its column 
of mercury — we were unable to observe the effects of steam at a higher U'mperaturo than 100 
degrees, in which ease the pressure would be sufficient to entirely overcome the said column. 
The experiments, therefore, could onlv range between the temperatures of zero— the lowest limit 
at which water H<|Uel!es — and 100 degrees, when, the mercury in the vertical tube being on a 
level with that in the basin, the instrument ceases to act. This first result has proved, however, 
of very great importance, since it has affonlecl an exact knowledge of the general properties of 
steam, and has enabled us, mortsiver, to establish a unity of measure of its power. Without 
rejecting the facility of measurement presented by the btuv>meter, the grand unity, that has been 
clmeen as standard, is the pressure of the atmoMphere, to which that of steam iK.'Cnines e<(ual at a 
certain temperature, as seen already. Consequently, when the pressure of steam is capable of 
replacing the column of mercury in balancing the external air, it is said to be equal to on* 
atmosphere. That pressure, as expressed by weight and unity of surface, ia, we know, (M^ual to 
1 *03^ kilogramme on every square centimetre. It is simply the weight of a column of mercury 
measuring 70 centimetriis in height and 1 centimetre w|uare at the base. 

If, as wc liave explained elsewhere, waU^r, when heated in the open air, cannot exceed the 
tempemture of 100 degrees centigrade, the case assumes a very different aspect when it is ermfined 
in a close vessel frmn which the steam is unable to escape into the atmos]>hcri> aa fast as it is 
formed. The tcm|>erature of the water iiuiy then be ncigbtened, giving forth steam whose 
pressure increases, we might almost say, indefinitely. 

In onler to furnish a first demonstration of this f^act, physicists have recourse to a very simple 
experiment, of which we must say a few words. 

A tube, A, Fig. 850, bent in the form of an U, but having its branches of unequal length— the 
longer being o|M>n to the air, while the sliorter is hermetically closed-<-is rartially tilled with 
mercuT}', and a drop of water is made to pass to the summit o( the column in the 
sealed end, as seen at a. 

Having made these arrangements, if wo now plunge the instrument into an 
oil bath at a temperature greater than 100 degrees, steam begins to form, spread* 
ing from o to m n, and tbntsting back the mercury which rises in the longer 
branch of the tube to a certain height it. It then becomes evident that the 
steam exerts a pressure superior to that of the atmosphere, since when in its 
liquid state it ls>re that pressun> iransmittetl through tne mercury, but repulsed 
it as soon as it became transformed. 

Its real pressure is therefore equal to that of the atmosphere plus the column 
of mercury H, mcasuretl from the oiien surface s / to tl>e horizontal lino m 
passing through the summit of the column in the short branch of the tula;. 

Be it granted, for example, that, in the above experiment, the larger column 
of mercury has reached a height H equal to 45 centimetres ; how should we 
express ourselves in order to indicate the pressure of the sUam that has been formed, allowanoo 
ft»r the expansion of the mercury not Udng takem into consideration ? 

With a barometer indicating that, at the moment of the experiment, the atmospheric pressure 
is balanced by a column of merenr)* 76 centimetres in height, the steam will have overcome a 
resisting coluinn of 76 + 45 « 121 centimetres. In order to establish the relation between the 

121 

height of that pressure and that of the atmosphere, we say, = 1'5U2; meaning that the 

pressure of the steam is equal to 1 atmosphere plus 592 tho^isandths. 

As regards the expression of the pressure by weight and unity of surface, adopting the cent!* 
mMre square for the Uttar, it is sufficient to know the density of the liquid raised, and to ascertain 
its weight according to its volume. The density of mercury l>eiug 18*598. nr 13*598 grammes for 
a cubic centimetre, we should Itave 13*598 x 121 = 1645 gnrammos. Wo then say that the steam 
exerts a pressure represented by a weight equal to 1*645 kilogramme upon every centimetre 
•qiiare. 

Let us remark, in order that no doubt mav preaent itself to the mind respecting the condition 
of vacuum Uid down just now for the formation of steam,— but which dnee enply iu the above 
experiment, — that it must be remembered that a vacuum d<x*s not otherwise mndif^y tm phenomenon 
of the gencrathm of stcain. bey<md allowing its instantaneous accomplishment, and at the lowest 
temperatures, even that of freezing. Cuusequently, the properties observed are the same in both 
insUnces. Were it possible ftw us to transport ourselves to some ^»laoe where the barometrical 

f treasure could reach a height of 121 centimetres, the cxiterimeut might be performed with that 
nstruroent, and the rcsidts obtained would lie precisely identical. 

Although the last experiment has enabled us to note the pnwaure of steam for temperatures a 
little above 100 degrees, it would not be so were it to become very much greater ; for. as steam 
rapidly acquires very considerable pressure, it is more than probaUe that the instrument would 
not be able to resist it. 

The first men, after English accurate investigators, to thoroughly investigate this question in 
France were the celebrated Arago and Dulong, to whom the AcMcimy of Beiencca entrusted the 
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important and oaGfnl roiaston of aaoerUinin^ tho elaatio foroo of atcam thronj^liout the moat extended 
scale of temperatures pnarible. Tliat laborious work was only terminated in 1830. 

This is how thewe illiutrioua savants operated so as to obtain high degreca of temperature, and 
be able, at the same time, to measure tho oorresponding olastioity of the steam. 

The water was enclns^ in a boiler made of strong sheet iron, perfectly air-tight, and fixed 
in a brick furnace. Two gun-barrela, o|)cn at the top and closed at the bottom, were then inserted 
into the lid, dceoending, the one to the lower part of the vessel, the other to the upper, where tho 
steam was confined. J^lh were filled with mercury, which aoi|Uircd necessarily tne same tem]>e- 
rature as the fluid into which the barrels were plunged, and which could be easily measured by 
the aid of thermoroetera so disposed as to suffer no loss 1^ cooling. Iking thus in a )x>sition to 
know at any moment the tem|ierature of tho li<^uid and of the ste^ arising from it, a oommuni- 
cation was established between the latter and an instrument suitable for measuring its corresponding 
tension. 

That instrument is what has been called later a Cmdcascd-o/r Monometrt^ and is composed, in 
principle, of a stout glass tube A, Fig. 851, closed at its upper extremity, while its lower one, which 
IS open, dips into a basin B, containing mercury. This tube is care- 
fully adjusted to the basin, so as to cut off all communication with tho 
external atmosphere. A second tube 0, similarly fitted, has one of its 
ends inserted likewise into tho basin, but without dipping in tho 
mercury ; white the other is nmnected with the vessel in which is 
the fluid whoso clastic force has to be ascertained. 

In order to understand the working of tho manometre, lot us sup- 
po^, before beginning tho ex))erimeiit, that perfect communication 
exists between the several parts, and that the whole is fllli>d with 
atmospheric air ; it Is then clear that the level of the mercury within 
the glass tube will be tho same as that in tlie Imsin, the pressure being 
equal throughout. Soon, however, the temperature of tho liquid 
beginning to rise, steam Is formed in the boiler, and the air it contained 
is thereby graduidly expelled through an outlet temporarily roservtHl 
for that object, iik long as the temperature has not reached that 
point at which the tension of the st^m exceeds that of the atmo- 
sphere, the level of the mercury remains unaltered ; but, from the 
instant that occurs, from the special arrangement of the apparatus, the 
temporaturo of both the liquid and the steam augment^ as well as 
the elastic force of the latter : the mercury is then seen to rise in the 
tube on account of that excess tA tension, which is felt alike in the basin 
containing the mercury and in the vessel where the steam is generated. 

But, as the mercury rises, it neceMarilv compresses the air confined 
in the upper portion of tho tube, and whence it is unable to escape : 
the elastic force of that compreasion must be tho same as that of the 
steam, by virtue of the equal transmission of pressure, barring a cor- 
rection on account of tho weight of the column of mercury raised. This omnpression of the air 
above tho mercurial column is, therefore, the measure of the elastic force of the steam ; and is the 
more easily determinable tliat air is compressed in accordance with a well-known law, discovered 
by Mariot, and defined in the following terms : — 

7’Atf teiHftits of gases are inversely proportional to their pressures. 

We shall revert again to that Uw, to which wo merely allude for tho better intoUigenoe of the 
present experiment. 

Consequently, if wo adopt as unity the volume of air contained in the tube at tho oommenoo- 
ment of the operation, with the ordinary atmospheric pressures, when, by the rising of the mercuiy*, 
that volume has been reduced ono-half, wo shall conclude that it supports a double presKure, or 

2 atmospheres; when it has been reduced to one-third, that the pressure is triple, or equal to 

3 atmospheres; when to one-quarter, 4 atmospheres, and so on. 

This disposition of the manometre enables us, therefore, at any moment to ascertain the elastic 
force of the steam formed, wliile tho thermometers give its temperature. Wo may add that the 
experiment! have been carried as far as 24 atmospheres. From these experiments and others, a 
very oomplete Table has been made of the corresponding elastic force of steam for various temp^ 
ratures and also a formula whereby the intermediate quantities may bo calculated. We subjoin 
that portion of the Table which is most likely to prove useful in practice. The elastic forces given 
are maxima, that is to say, those, at each temperature, where tlie steam saturates the spare and 
wouM commence returning to its liquid state if an attempt were made to compress it. The Tablo 
is divided into two parts, the first comprising the elastic forces of steam for temperatures ranging 
from 0 to 100 degrees, the second the temperatures corresponding to elastic forces that vary from 
1 to 50 atmospheres. 

A third Tablo has been added to these, based upon calculation, for pressures ranging between 
lOO and 1000 atmospheres. Although it is the opinion, even of savants, that the numbers it 
contains are not to b« relied upon, since they have not tho sanction of experiment, still wo give 
it, that it may serve for comparison. 

The ta*o first Tables, on tho contrary, afford all the guarantee demanded in practice ; and from 
more rocsot researches, made by M. Begnault, it turns out that, with the exception of a few slight 
differencca, their correctness may generally be depended upon. 

In examining these Tables with a little attention wo are struck with a very remarkable result,^ 
it is the rapidity with which the tension of steam increases, compared with its temperature, and 
how very far the two efifects are from being proiiortional. This fact may be rendered still more 
apparent by means of a graphic tracing, wnicn, being constructed with the assistance of the 
numbers given in the Tables, brings it more prominently before the understanding. 
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Table L— The Maximcm Elastic Foecb of Sti:am fob Tehperatures from 0 to 100 

DEORKD) CeNTIORADE. 
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83 

398-2H0 

05411Q 

10 

' 13030 

0-0186 

50 1 

88*743 

0 1206 

84 

414*730 

0*56345 

17 

14-468 1 

0*0197 

51 I 

93*301 

0*12676 

85 

431*710 

0*58652 

18 

15*353 

0*0209 

: 52 1 

98 075 

0*13325 . 

86 

449*260 

0*61086 

19 

16*288 

0*0222 

53 

103*060 

0*13999 

87 

467*380 

0*63198 

20 

17*314 

0*0235 

: ^ 

108*070 

0*14710 , 

88 

486 090 

0*66040 

21 

18*317 ! 

0*0250 

' 55 

113*710 

0 15449 


505*380 

0*68661 

22 

19*447 

0*0265 

56 

119*390 

0*16220 

' 90 

525-28 

0*71364 

23 

20 577 i 

0*0281 


125*310 

0* 17035 

91 

547*80 

0*64152 

24 

! 21*805 ' 

0*0297 

! 58 

131*500 

0*17866 1 

92 ' 

566*95 

' 0*77020 

25 

1 23*090 

0*0314 

1 59 

137*940 

0*18736 

93 

588*74 

0*79986 

20 

! 24*452 

0*0334 

GO 

144*660 

0*19653 

94 1 

611*18 

0*83035 

27 

25*881 

0 0353 

1 61 

151*700 

0-20610 1 

95 

6.34*27 

0*86172 

28 

1 27*390 ' 

0*0374 

' 62 

156*960 

0-21586 

96 

658*05 

0-89402 

29 I 

1 29 045 

0*0396 

1 63 

165*560 

0*22G:» 

97 I 

682*59 

0*92736 

30 

30*043 1 

0*0418 

64 

174*470 

0*237.58 1 

98 ! 

707*63 

0*96138 

31 

1 32*410 ' 

0-0440 1 

{ 65 

182*710 

0*24823 > 

99 

733*46 

0*99448 

32 

34*201 1 

0*0465 

1 66 

191*270 , 

0*25986 

100 

760*00 

1*03253 

33 

36*188 

0*0192 1 

«7 

200* 180 j 

0*27196 





Table 11. — Of the Temperatures of Stram for Tersioks from 1 to 50 Atmosphercs. 


EImGc Forte* Cbmspo riding 
cxprcawdln jTeBpcnuair* given 
Atnoapherc* i by ibe Oentigrvte 
of 76 cent*. MercorUi 

of memirF. TbenDomrter. 

Prevar* In 
kitogremme* i 
on * 1 

oentlmetre { 

square. j 

Rlaattc PoroM 
1 expresaed in 
: Atmoapberea 
1 of 78 cents, 
of mcttai 7 . 

1 Oorreipooding 
Tempeimtofra given 
bjr ^ Oentlgred* 1 
Mercurial 
TbenDometer. 

Prtanre tn 
kilogrammea 
on a 

oenUmktre 

•qiuire. 

1 

100 

1*0.33 1 

13 

193*7 

13*429 

li • 

112*2 

1’.549 

14 

197*19 

14*462 

2 

121*4 

2*066 

15 

200*48 

15*495 

2i 

128*8 

2 -.582 

16 

203*60 

16*528 

3 

135*1 

3*099 

17 

206*57 

17*561 


140*6 

3*615 

18 

209*4 

18*594 

4 

145*4 

4 * 132 

19 

212*1 

19*627 

4J 

149*06 

4*648 

20 

214*7 

20*0ii0 

5 

153*08 

5*165 

1 21 

217*2 i 

21*693 

Si 

156-8 

5*B8t 

22 

219*6 

22*726 

6 

160*2 

6*198 

23 ! 

221-9 I 

23*759 

«i 

163*48 

6*714 

1 24 

224*2 

24*792 

7 

166*5 

7*231 

25 1 

226*3 

25*825 

7J 

169*37 

7-747 

30 

236*2 

30*990 

8 

172*1 

8*264 

35 

244*85 

36* 155 

9 

177*1 

9*297 

40 

252*55 

41*320 

10 

; 181*6 

10*33 

45 

259*52 

46*485 

11 

1 186*03 

11*363 

50 

265*89 

51*650 

12 

190 j 

12 396 


1 



Digitized by Google 



416 


BOILEB. 


Table III.— O? ttu Timpbratcbbi op Steam for Tcksioxb prom 100 td 1000 Atmorpheres. 


Bstllc Foreet 
exprvMcd 
In 

Atiwwpheras 

Corrwpondlnt 

Tempentorea. 

Pretrarc in ktka 
on s 

oemtniitre 

•quart. 

Qutk Form 
exprrSMd i 
> in 

1 Atno^fiberes. 

1 

1 Cbfrropnndlng 
Tempmtnrea. 

Preanre In kika 
on a 

c«ntin>itre 

■quart. 

100 

811*36 

103*30 i 

1 600 

462*71 

619*8 

200 

363*58 

206*60 

700 

478*45 

723*1 

300 

.397*65 

309*90 

800 

492*47 

826*4 

400 

423*57 

413*20 1 

900 

505*10 

929*7 

500 

444*70 

516*50 

1000 

516*70 

1033*0 


The flret idea of a tracing of this nature belonga to M. Cl^ent*Dwrmea, from whoae hinta 
M. Leblane made a diagram which majr be seen In the galleriea of the Conservatoire dee Arts et 
Metiers, Paris. The one which wo here reproduce. Fig. 852, comprises, in addition, a special 
tension curve, from 0 to 1 atmosphere, after the table drawn up by M. Regnault. 



The principle of the tracing is extremely simple. The vertical scale A B is divided into equal 
parts indicating a succeaainn of temperatures from 0 to 200 degrees. The horizontal line B C is 
in like manner divide<l into equal parts oorrMponding to prewures expressed in atmospheres. 
Points have been marked upon the diagram where the vertical and horizontal lines meet, that is, 
at the intersection of the aosciases and ordinates passing through the temperatures and tensions 
which face one another in the preceding Tables, and those points united by the curve A C. 

A second curve D E has b^n traced to correspond with the tensions ranging between 0 and 
100 degrees, and to enable the results to be more clearly understood by enlarging the scale. 
Effectually, the total length of the diagram which, on line BC corresponds to 15 atmosphere, 
represents but one only with respect to the second curve D E, whoso graduated scale of tensions 
is on the line F E, and give at once the fractions of an atmosphere of 760 millimetres of mercnr>', 
and the absolute heights of that liquid expressed in centimetres. 

Thus, by this twofold graduation of the scale we see simultaneously to what fraction of an 
atmosphere steam at a given temperature corresponds, and what is its equivalent in oentimetres 
of mercury. 

For instance, let ns take a temperature of 70 degrees in the scale D F, and from its intersection 
h with the curve 1) K draw a vertical Hue till it meets the scale £ F. and we shall find that it 
answers in thst scale to a mercurial height of 23 centimHres and to O'S atmospheric pressure. 

It is evident that the inverse operstion, that is, to find the temperature for a proposed tension, 
it performed exactly in the same manner, the disposition of the aiagram being equally adapted 
for both purposes. 

The oonstniction of these curves is sufficient to show the rapidity with which the tension of 
steam increases, since, were it proportional, the points of intersection of the lines passing through 
the temperatures and tensions would be situated on a straight line drawn from A to C. But 
this is tar from being the case, since wc see by the Table thst the elastic force of steam, st a 
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t<tmpcmturo of 82 dogmai, IwinK erpml Ui 382 niilliml'tres of merciiry, or alioiit iialf an attiioephero : 
it l>econu'9i double or 1 Atmiw]iheri!i nt 1(H) 2 atmoopliereH at 121 dft;re<% 3 AtmoMpberoe at 

135 dfjrrt'eis ami finally it n«ch«f 24 atiuoepherox before ita tem|M‘rature Iiam rinen to 225 d**j(rf!e«. 

Steam IK, thereforti, a jirmcr that ifNiuireti b> be need with great pns’aution, biM'ause, after 
eertain liinita. a few dcgreoa of teu)|>erature auflice to double ita pretwure, and may entail Horioua 
ilijMMter. This ta known to all luechauiciana, and ahould particularly be borne in mind by atokura 
for their own security. 

/ViMity o/ — The density of steam forms a very imp<irtAnt item in the study of engines, 

since it tcacluw what are the c|uautities of waUt requisite to feed a given motor. 

Before giving the mere list of values that eoiT{wf*«.iid to the different densities of steam, 
according to its tensions and teiiq>emtures. some explanation is nuces^ry tiu as to establish clearly 
the condition in which it is when a density of any kind is apniicd. 

8team may be suppotied to be in two situations: 1st. kWluseil in a vessel U^ether with a 
certain quantity of the liquid by which it was i^eiierated; 2nd. Enclosed in a vessel of which it 
fills the entire space without any of the liijuid being present. 

First condition. — When a vessel contains, at the Mmo time, both liquid and steam, what will 
hapnen if the supply of caloric be continued? The water will generate more steam, which will 
combine with that already formed; but, as the steam occupii^s a much greeter space than the 
water that lias U*eii va|M>rize<l, the nwuU will be that, since the primitive volume is only aug- 
menUd by an im|jercepttble quantity, its pressure will mitably increase, and in a manner analogous 
to that of A gas when condensed into a given capacity. This effect is further enhanced by the 
tendency of the first-fonmd steam to ex|mnd on account of the elevation of teraporatiirc. 

Heormd condition. — If a vessel, containing steam but no liquid, be subjecUsl to an increase of 
temperature, the steam will make an effort to expand like a permanent gas, and its tension will 
increase in the same proportion. Only, in this latter case, the nn^^ression of the elastic forces 
will not l>e so rapid as in the funner, because it results only from the tendency to ox|)ansion, 
which, within certain limits, is proportional to the increased temperature. 

Consequences. — Under the firat of these two conditions, where the s{iace occupietl by the steam, 
though nnuaining perceptibly unaltered, is gradually charged with fresh quantitins of vaporized 
water as the tempjcrature and tension increase, it is evident that the density of that steam must 
vary also, which is not the case under the second condition, where it tends only to expand, but 
receives no additional charp*. The |ioculiar density of steam is derived, therefore, from the first 
conditiun, wherein each new tension oorrosponds to quantities of vaporized water. 

Wo are indcbte«l to Gay-Lussac for the most complete notions on this subject. The experi- 
mental researches made by that illustrious savant onabbsl him to construct a formula by the aid 
of which he calculated a table of densities, taking those by MM. Arogo aiul Duloug, touching the 
relation betwiH.'n tem|M'rature and tension, as the base of his operations. 

In order thoroughly to understand the application of densities, it must be remoml>ere4l, 

1st. Tlmt the said densities correspond to the volumes occupied by the steam when at its 
maximum of elastic force, after which any mechanical compression would cause it to return to the 
liquid state; 

2nd. That a given weight of steam is exactly equal to that of the water whence it was 
formed. 


Tablb 1. — Of tbs Dexsitixk akd Voli mbk or Btkam at its Maximim op Elastic Fobce, 
PBOM 0 TO 1(X) IiEORXXS. 

The density of water at being taken as unity. 


Tfinp»“T*- 

tar«. 

Ters-Um in 
mlllimfetns. 

iMuily. 

VolniDe. 

Tstnpna- 

larv. 

Tmsioa io 
mlUknteras. 

Demily. 

Votume. 

0 

5 05;* 

0-00000540 

182323 

23 

20-577 

2021 

49487 

1 

5-393 

573 

174495 

24 

21-805 

2133 

46877 

2 

5-748 

609 

164H32 

25 

23-01*0 

0-00002252 

44411 

3 

♦M23 

646 

154342 

26 

24-452 

2376 

4-2084 

4 

fi-523 

686 

145886 

27 

25-881 

2507 

39895 

5 

6-047 

727 

137488 

28 

27-390 

2643 

37838 

G 

7-396 

772 

129587 

29 

29-045 

2794 

85796 

7 

7-871 

818 

122241 

.30 

30-64;t 

2938 

34011 

8 

8-375 

867 

115;405 

31 

32-410 

3097 

82291 

9 

8-909 

919 

108790 

32 

34-261 

326.3 

S0G.50 

10 

9-475 

0-00(KlOi)74 

10267(* 

3.3 

86-188 

3!:» 

29112 

11 

10 074 

0-00001032 

99202 

34 

38-254 

3619 

27636 

12 

10 707 

101*2 

91564 

3fl 

40-404 

3809 

26253 

13 

11-378 

1157 

86426 

36 

42-743 

4017 

2481*7 

14 

12-087 

1224 

8HM6 

37 

45-038 

4219 

2.'<704 

15 

12 837 

12‘,»9 

77008 

.38 

47-579 

0-000(H4l2 

22513 

10 

13-630 

1372 

72913 

39 

50-147 

4666 

21429 

17 

14-468 

1451 

68923 

40 

52-998 

4916 

20343 

18 

15 353 

1534 

65201 

41 

55-772 

5156 

1931*6 

10 

16-288 

1622 

61654 

42 

58-792 

5418 

18459 

20 

17-314 

1718 

58224 

43 

61- 9.58 

5691 

17572 

21 

18-317 

1811 

5,5206 

41 

65 627 

6023 

16805 

22 

19-417 

1914 

52260 

45 

os-751 

6274 

15938 


2 a 
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Table I. — Op the DEifamES and VoLniES op Steam, &e.— continue. 


Tcrapnm* 

tare. 

TemJnn In 
mUlimelmu 

Drntitj. 

Volume. 

Temper** 

ture. 

Tnmton in 
- mnUtn^lmit. 

Dnuitjr. 

Volonx*. 

46 

72-393 

0585 

1 15185 

i 74 

273-030 

; 22794 

4387 

47 

76-205 

6910 

I 14472 

75 

285-070 

i 23789 

42(H 

48 

80195 

7242 

13809 

76 

297-570 

i 24702 

4048 

49 

84 -.370 

7602 

13154 

77 

310-490 

25<.im 

:«91 

50 

88-742 

0-00007970 

12546 

1 78 

323-890 

26739 

3741 

51 

9.3:W4 

0 0lK>08:454 

11971 

79 

337-760 

27789 

3599 

52 

08-075 

8753 

11424 

1 80 

352-080 

0-00028889 

3462 

5S 

108 -060 

1 9174 

lowi ! 

1 81 

367-000 

30025 

:4331 

54 

108-270 

O-OOOOIMMW 

; 10410 

82 

382 :480 ' 

31195 

:4206 

55 

1 113-710 

O-000IO05I 

1 9!»46 

' 83 

HiiH 'iSO ; 

32:499 

:4087 

56 

119 -:rw 

10525 

1 9501 I 

i « 

1 414-7:40 ' 

3:4637 

2973 

57 

125-310 

11011 

! 9082 

; 85 

1 431-710 

1 34916 

284H 

58 

181-500 

1152:1 

8t>80 

86 

449 -2*» 

I 8i;2:47 

1 2760 

5JI 

137-940 

12<J44 1 

K403 

87 

467:}80 

»75!IO 

26<H) 

GO 

I44-6(}0 

12599 

7937 

88 

486090 

1 381>84 

2565 

G1 1 

151 -7(K) 

13179 ! 

7594 , 

89 

505-380 

40417 

2474 

C2 I 

153-900 

187«J0 I 

72«7 1 

! !K) 

525-280 

41891 

2387 

68 1 

i66-5tw : 

14374 i 

69.17 

91 

S4S-300 

0-0001:4405 

2304 

64 

174-170 1 

15010 

6ti(>^2 1 

92 

5T»6-950 

44956 

2224 

65 

182-710 

15fU18 

6:482 [ 

93 

; 588-740 

46556 

2148 

GO 

191-270 

IGI-L'Mi ' 

6114 ' 

94 

611-180 

48201 

2075 

67 

200-180 

170»)0 1 

58<U) 

95 

6:44 -270 

49880 

20O> 

68 

209-440 

17797 ; 

5»U9 

96 

658-050 

51613 

1938 

GO 

219'0(M) 

185*16 ! 

5:486 

97 

C82-55K) 

53:488 

1873 

70 

229 070 

19,355 

6167 

IW 

707-6:40 

55191 

1812 

71 

239-450 

20174 1 

4957 

99 

733-460 

57055 

1751 

72 

250-280 

21013 

4759 

100 

760-000 

0 00058955 

1696 

73 

261-480 

21889 

4369 1 
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Table II. — The- Densities and Voltmes or Steam moM 1 to 50 Atmospheres. 


Tenperatareu 

HuUe 
Koroe 
rxpmaed 
in Atmo- 
•pherw. 

Dauliy. 

Volume. 

Temperature. 

EUetlo 
Foroo 
expreteed 
In Audo> 
sphere*. 

Dendtj. 

! 

! Viilume. 

100 

1 

0-0005895 

16146 

193*7 

13 

0-006107 

16:4 74 

112-2 

1-5 

0-0008563 

1167-8 

197-2 

14 

0-(HHj527 

, 153-10 

121-4 

2 

0-0011147 

897-9 

200-5 

15 

0-006944 

144-00 

128-8 

2-5 

0-001:4673 

731-30 

203-6 

16 

0- 007359 

135-90 

135-1 

3 

0-0016150 

619-19 

i 206-6 

17 

0-fK)77*J9 

128-71 

140-6 

8-5 

0-0018589 

5:47-96 

I 209-4 

18 

0-008178 

122-28 

145-4 

4 

0-00-201W 

476-26 

212-1 

19 

0- 008583 

116-51 

149-1 

4-5 

0-0023410 

427-18 

! 214-7 

20 

0 00«486 

111-28 

153-1 

5 

0-002576:4 

388-16 

217-2 

21 

0-009387 

106-53 

156*8 

5-5 

0-00-28091 

355-99 

219-6 

22 

0-009785 

102-19 

K;0-2 

(i 

0-0030402 

328-93 

221-9 

23 

0-010182 

98-21 

HK4-5 

6-5 

0-00.32683 

305-98 

224-2 

24 

0-010575 

94 56 

166'5 

7 

0-0034981 

286-12 

226-3 

2.7 

0‘01(K468 

91 17 

169-4 

7-5 

0-00:47217 

268-82 

2:46-2 

30 

0-012903 

77-50 

172-1 

« 

0- 0039434 

253-59 

244-8 

35 

0-014663 

68-20 

177*1 

9 

0-0043865 

227-98 

252-5 

40 

o-om;44 

60-UK 

181-6 

10 

0-0048226 

207 36 

259-5 

45 

0-018497 

54-00 

186-0 

11 

0- 9052557 

190-27 

265-9 

50 

0-020306 

49-31 

190*0 

12 

0-0056834 

175-96 j 





Table III. — The DsNsmES and Voli'mks 

OP S-TEAM PHOM 100 TO 1000 A-TMOSPH ERES. 


ElMtiC 


1 


KUatk 




Force 




Force 



Tcmpmtarv. 

nproMd 

DenMtjr. 

Volume. 

Temperature. 

exprewed 

Dcfuitjr. 

Votome. 


lo Atmo 




is Atmo- 




■pberec. 


1 


iipbcre*. 



311-36 

100 

0-0:47417 

26-72 1 

462 71 

600 

0-17791 

5-621 

363-58 

200 

0-0686:45 

14 570 

478-45 

700 

0 20318 

4-921 

397-65 

300 

0-097671 

10-238 1 

492 47 

800 

0-2279 

4-387 

423 57 

400 

0- 12534 

7-978 ' 

505-16 

900 

0-252*2 

3-965 

444-70 

500 

0 15-202 . 

6-578 

516-76 

1000 

0-276 

3 6*22 
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The nae of thoeo TahlM is ofutily umlorxtnnil. For the present, let it be observed that, as all 
the values have not been derived from oetual ex]H.*rinieiits. it is prtstiible that some may not bo 
in strict apc<»nl with real facts; but, as they set forth this pr«)perty, that the density of steam 
incrc'ftsea with the tension and tttm]K>ratnre, wo coiicliulo therefrom that, with a tempomturo 
sufficiently bi^li, it is probable that it would equal that of water; that is to say, that a ciTtain 
qimntity of water inigiit |sum to tlie state of st^iu without augmentation of volume ; in which 
case it would have,” soys M. Pouiliot, in his exeellont ‘Treatise on Physics,* “a tension of several 
hundreds— perhaps of several thousands— of atmospheres.” Wo learn fnun that savant that an 
experiment has been made by M. Cagnard dc la Tour demonstrating a fact that seems to l>e an 
nppivoch towards that hypothetical result. It is thus; a strong glass tul>e is tilled to be a quarter 
of its ca{tacity witli water ; this done, it is cxhauste<l of air and stmled hermetically. It is then 
exposed to ft graduftliydncrcftHing teuqxiraturo, wlien, on arriving at a certain temperature, tho 
water seems to vanish altogether, and the tube appcftrs empty ; but, on slightly cooling, the liquid 
retunw almost suddenly . . . ; this effect is produml at a temperatnre nearly e»mal to that which 
causes tho fusion of zinc, or 3f>0 degrees centigrade. In other terms, the whole of tho water 
vaporizes in a space only four times its volume! 

The Khullitiou of HWirr.—- In order that tl>e fundamentftl properties of tho formation of steam 
may be well understood, it is necessary that the phenomenon of ebullition l>e fully explained: 
but, as that cxplaiiation wf»uhl iK>t liave l>eon intelligible without a portiou of the ]>ruceding 
notinna, wo liavo been compelled to give them first. 

Everybody knows what takes place when we heat, during a sufficient length of time, ft vej«*cl 
containing water in froo communication with the atmosphere. At first, a vapour is soon to rise 
that seems to emanate from the surface of the liquid, getting more and more intense as the water 
becomes wanner. Then a tremor of the surface is produced, accompanied by a peculiar noiso 
which has been calk'd the »in>jitui of the liquid ; and finally bubbles, similar to air-bubbles, form 
in that part of tho vessel that is nearest to the fire, then rise to tho surface, where they burst, 
giving forth fresh va|>our. I'hose bubbles are nothing else than certain molecules of the liquid 
being transformed into steam, aud which, minting with an equal pressure on all sides, from the 
water itself and from the atuujephcre, offers an equal resistance in return, and so assuiuo tho 
spherical form in which they are seen to ascend. 

Now, an immediate consequence may bo drawn from the simple observation of this fact, which 
is, that tho pretuiure of the steam, in order that it may form these bubbles, must be greater than 
that of tho liquid mass and of the atmosphere acting ujKm its surface. Consc^juently, if that 
pressure, which we will designate as that of ebullition, correspouds to an ascertained fix(t«l 
temperature, it is evident that— the atmospheric pressure remaining unchnnge<l— the liquid must 
always reach that temperature before the ebullition can manifest itself. 

That, in fact, is rigidly what takes place. Every time that water U>ils in the open air, its 
temperature is always tho same with a uniform l>arometrical pressure. If it has been found that 
water at 100 degrees centigrade generates steam under the atmospheric pressure, it is simply 
iK-csuse we have chosen to mark the huudredth degree of tho centigrade thermometer under a 
haroinotrical pressure of 70 centimetres of mercury. 

The ebullition of a liquid can, therefore, only take place so long as the steam it is capable of 
emitting balances the united pressures of tho ambient metlium whcrcio it is situated, and of its 
own mass or load above the surface heated. 

This definition of the phenomenon suffices to show that the degree of temperature at which 
the ebullition of a liquid may Im produco<l is variable, aud changes according to the preMuro 
of the medium, since voporization takes ])lace at any degree. If a perfect vacuum could bo 
established, and water at the freezing-point placed in it, it would immediately begin to boil ; but, 
in practice, it is never |>crfeet, so that ebullition only takes place at a few degrees alH>ve zero. 
f>n tho summit of Mont Ulanc, where tho atmospheric pressure is reduced from 760 millimMreH 
to about 417, measuriug by the l>omnieter from tho level of the sea. water would begin to boil 
at tho temperature of 64 degrees, at which, as we have shown in one of the foregoing Tables, 
page 415, tne clastic force of steam is equal to 414 millimetres, or a little more than half thu 
pressure of an atmosphere. 

Finally, the greater the pressure to which water is subjectwl, the greater is its heat when 
lx)iliug, aud vice rxem ; that is why the temperature of lioiling water is higher in a valley than on 
a mountain. Let us add, by way of corollary, that, the conditions being similar, the cx|Mnsivn 
force of the steam of all liquids is equal at the moment of ebullitirm. This is an axiom, since the 
very fact of tho ebullition sufficiently testifies that the elastic force of the steam has become equal 
to that of the medium in which it has formed. 

Fixity of the Tetnperaiure at I}oUtiu]‘point. — At whatsoever tem|)oraturc ebullition mav be pro- 
duced, so long os it continues that temperature remains unchanged; in other words, tlie liejuid 
ceases to become heated tho instant it begins to boil, always provided that tho pressure of the 
medium undergoes no nltcratinn. This fact is easily explained if we reflect that, as the liquid 
has acquired a temperature at which it can no longer snbsist without change of state, all fresh 
quantities of caloric supplied are absorbed by the formation of steam. Therefore, under tho 
ordinary conditions in wnich wo boil water, it acquires, when pure, a temperature of 100 degrees, 
and retains it without variation. In reality, it would only reach that temperature on a level with 
the sea ; but in most Kuro(>ean towns, which are upcesaarily higher, it does not exceed 99 '8 d^^rees. 
This difference is unimportant with regard to the point under consideration. 

In order to increase the temperature, it would be neceasary to create an artificial atmosphere 
of proportionally greater pressure than the ambient one, which is precisely what is obtained, in 
tho case of steam-engines, by hermetically closing the vessel that contains the liquid. The steam 
that is disengaged then b^mea compressed, and prevents tho generation of turtber quantities 
except under a higher temperature. That is what took place in the experiments mode by 
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MM. Arago ami Dulong t« which wc have provioa»ly alludiJ. M o may »<U that, 

wliioh thiwaUT ia vaiLiicl rcumin. d.wed, without any eapcmllture of rfuain, Ulo ebulllt m 

cannot even ho effwtod, as the preaeure, increasing every moment, prevents tlie formation of the 

.Soucrjwa.— T o obtain an eiperimental demonstration of this phenomenon, the 
knowif by the31e of /'opia'. .Siio-vpoa, after ita inventor, nuiy be nseil. I liat ap(i«n.tu. conslsU 
siraidy of a vessel A, Kig. 863, made of metal, and havmg very 
great power of resistance. It U perfietly clo^l, with the excep- 
tion of a smaU hole in the lid, fitted with a valve which a lever B, 
dispel like a Roman halaiiMi. kee|« eecuridy in its place. 1 Ills 
arrangcnicnt is well known, being none otlier than ttot of the 
actual safety-valve, which is compsasl of the lever wlnw nnti- 
sure is excrid ii,Km the valve a, situated la tween its articufnUsl 
attachment and the weight C at its other extremity. 1 ho valve, 
therefore, can only rise out of its place by ovcmraiiliig l^o n slst- 
Biico opimsed by the lever in virtue of its load and the ratio of 

tho two nrma. . it 

The lid of tho vowel A is alao very firmly Hocured by weiins 
of a fastening 1), bent in the form of an are, and sui.plicd with 
a pressure-screw, hv tho aid of which tho lid U made p> presa 
hermetically uiam the edge of tho vase care Imvnng h«n takmi 
to insert liotween the two a round of soft metal for that purpise. 

The apparatus being thus ixinstructeil so as to resist a strong 
internal pr^ure, it is filleii to about one-third of its capacity 
with water, and placc.1 over a fire after being carefully closinl. 

Gradually the temperature of the water begins to increa» ; but, ^ — pi 
as the steam that forms is unable to escape, except iipm the con- 
dition that its pressure is ca|»blo of opening the valve, it Iwcomos compressed, and soon the ebnl- 

*'*' R. at”t're*’momm^^ the intenial pressure appe^ to rwh that point where it is likely to 
raise the valve, the latter be opened, or a osik attached to the lid lie suddenly turned on, the 
ebullition immeiliately manifests itself, and the steam escapt* with impetu.wity in the form of a 
jet which raav reach a height of eight or ten metres, aw.nlmg to the amount of pressure within 
the vessel the liiluid c.«ls to 100 degrees, and soon tho whole of it goes ofif m stMlu, provided 
that the action of the fire be continued sufficiently long, and that the valve or cock be left open. 
The pressures to which the irteam mav reach under this condition are very considerable, and 

denemh moreover, upon the weight wherewith the valve is lomled 

'M’itiiout anticipating nis.ii the dotaUs that wiU he given Uter touching this im|sirtant 
apparatus, we may at imce make a few nm^ks as 
to the conditions that have to bo fulfilled in order 

that it mav meet a given pressure. |t- - 

Fig. KMishows the arrangement of the salety- 
valve, whom we will call B the distance from the 
centre of articulation to the centre of the weight, or 
the lung arm of tho lever; k, the distance fn.m tlio 
same point to the centre of the valve, or the short 
arm of the lever ; d. the diameU.r of the orifice closed 
by the valve ; p, tho intensity of the weight sus- , 
licnded from the lover ; P, the total upward pressure 
exerted hy the steam uisin the valve over a circular 

siirf^ flrat'of'^^'flnd, ^y the arrangement of the lever, and in accordance with its general 
perties, that tho downward pnwsure P' which it exerts upon the valve is equal to P" = p X ^ , 

anotssiinir for the moment, the lover itself to be without weight. „ : . 

^fn onfer that the valve may lie kept in its place until the given presi^ haa been attaint, it 
is neeoasarv that the eflbrts P and P 1« isjual. But tho effort P is always ewily known, for it 
results froin the said pressure and tho diameter of the onfleo d, whose area may lie calculated. 

Corisoquently, the operation resolves itaedf into finding the effort P, by means of the eonditions 
laid do^ and Llwtituting it for P in tho preceding equation, which will enable us to ealoulato 
one of the three dimensions p, B. or t, the two ethers being fixed a pnon. ^ 

Example. Be it required to find the conditions of a valve having to bear a pressure of 

20 stmospheres. , 

Let us suppose the diameter d of the orifice to be equal to 1 centimetre. 

„ „ long arm B of the lever „ 30 « 

„ ., short arm d of the lever „ 2 « 

what will be the intensity of the weight? coc r„. 

A pressure of 20 atmoB|iheres represents an effort equal to P 0333 X 20 = 20 COO for every 
eentimetre square: constquentlv, the diameter of the valve being I centimetre, the priwsuro 
cxerUxl upon it will he equal to the product of the corresponding sivtion in siinare ccntimctri*, by 
the above pnasure, from which pressure wc must deduct that neoessiirily clertixl downwards by 
the external atmosphere, and whicli is equal to 1. 

We therefore have for the effootivo effort P, 

P = (20 - 1) 1-O.Tq.q X 0-78M > P = ^ kilogrammes. 
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From rMulto iliat adapting the procediug relation with p for the tmknown quantity, wo 

ahall have for its value, /> = P' or P ~ = 15^*42 x = 1*028 kilogramme. 

i> 30 

In conclusion, it will be obeorrod that the dispUcoment of the weight upon the lever would bo 
sufficient to alter the conditions of the problem, and consequently the result, since the arms of the 
lever would no longer Ijear the same ratio to one another. 

The valve, then, is the only cause that limits the pressure which the steam may acquire in tho 
experiment of Papin's saucepan; ajsirt, of (x>urst\ from tho ca{)ability of rosutanoe of the vessel 
itself. By this nieth*Ml pressures of 40 and even 50 atiuospherctt have been obtained, that is to 
say, steam exerting tho ouonuous effort of 50 kilogrammes on the square centimetre, or 500,000 
kilommiues on the square mMre. 

injitufTu-e of Huttstanixs in />isjo/u<i.'on upon tAs Tfmporuture of the Among the several 

causes that intervene sometimes to modify by a few degrees the ebullition of waU'r, the prossun; of 
the medium remaining the same, we may cite salts and other substanoea in dissolution, which 
retard the boiling>point to a certiiio extent, according to the degree of saturation. Thus, water 
saturat4xl with sea-salt is hotter at the moment of ebullition Uian when it is pure, or even when it 
contains merely bodies in sus|>em9ion that are not chemically combined with it. 

Cousidend from the purely practical point of view that occupies us at present, this phenomenon 
has, however, no very gnat importance ; since, supposing the saturation to be complete, which is 
rarely the case with water umkI for steam-engines, the temperature of the IsiiUng-point is increased 
only by 9 degrees. Marine engines, and certain penuaueiit engines situated near the sea, arc fed, 
however, from its waters, which contain salt in largo proportions. But, in this case, the prioci])al 
objection is nut the alteration of temperature, but the danger of explosion from the deposits that 
would form were tho generator not kept constantly clean. 

Method of Vaporixintj a Liquid that amtainx Foreiqn When a liquid containing foreign 

matter, in a state of mixture, but without chemical combinatioi^ is subjected to heat, the vajiori- 
zation takes place in succ««sion for each of tho substances forming tho mixture, aud in the order 
of temperature that corres|)onds with its respective boiling-ix>int. 

If, for instance, we expose water containing substano's more volatile than itself to the action of 
heat, those substancea will be lilx'rated first, while the mass of the litjuid remains at the tempe- 
rature that suits their ebullition ; then, when they have disappeared, the temperature of the water 
will be^n to rise till it reaches the boUing-|K)iut. 

In the opposite case, where the substances are less volatile than water, the latter vaporizes first, 
at tho tt>m|)creture suited to its ebullition, under reserve of tho slight modification that may result 
from the mixture or tlxe diasolutinn, as alwve mentioned. 

This fact will be very easily understood by observing that so soon as the liquid mass has 
acquired the tem|jerature necessary for the ebullition of the most volatile (A tho liquids cornicing 
the mixture, in order that the latter may be vaporized, it absorbs all the fresh quantities of beat 
supplied, and which arc thus prevented co-operating in elevating the temiHirature of the entire 
mass. 

Therefore ia it that vaporized water is oousidered nurc, whatever may have been the foreign 
matter held in solution, since this last either has or will disappear, but never at the same time as 
the water. 

Such are at least the practical conditions wo have to lake into consideration K-garding tho 
subject that occupies nur present attention. Steam-engines present constant examples of the priu- 
ciijlt* whereby water ia isolateil, by vap«>rization, from the substances mixed with it or held in 
solution. Ever) lsKly, indeed, is aware of the fact of tho incrustation of steam-U>ilers by the sedi- 
mentary deposits resulting from tho continued abandoument by the water, as it vaporizes, of tho 
various calcareous and saline substances which it contains in different proportions. The feeding 
of boilers with sea-water gives rise to considerable deposits of sea-salt, sejiarated from tlie water at 
the moment of vaporization. This U what gives rise to those repeated cleansings so indispensablo 
for tho avoidance of accidents. 

Conden»>\titjn uf Steam. — What is called the condensation of steam is its return to tho liquid 
state. We lutve already seen that a slight compressiou beyond its maximum of clastic force U suffi- 
cient to restore it to that state, either in part or in totalitv, according os the compression is 
momentary, or continueti until the volume of fluid is reduced to that which it owupi^ when in 
the liquid fr»rm ; of course, without any addition of heat. But in engines, it is not after this 
fashion, which is in reality the UquefacUvn of Worm, that its destruction is effected. 

(.ondeusation consists in emUinq the steam by means of a certain ouantity of cold water that 
takes up the heat tliat maintained it in the condition of an elastic fluid, yielding as result an 
amount of warm water, the steam from which has an elastic force very wmsiderably less than 
that which has been dcstroved, and may be rentlered as feeble as cau be desired, according to 
the volume and tem))erature of the cr>ld water added. 

Tliis property of ooudeusation is of the highest im|»ortttncc, since it enables us to get rid, almost 
instantanuoiisly, of the potent fluid that has just i>roduced an effect, but would nllerwords neu- 
tralize it if allowerl Ux retain its expansive pn>|K*rties. Tho only thing neede<l to render atmospheric 
air and other gases motive agents susceptible of replacing steam with arlvantage, is the ca|iability 
of easy condcusatioii, since they exist naturally in the slate of clastic fluids under tho ordinary 
temw'mturc. 

It will bo shown shortly how powerful engines have been constructed, with tho atmospheric 
pressure for motive agent, and using sUmm as an auxiliary j*»wer, but one |Kw«a‘ssing the valuable 
property of Iwing destroyed, leaving a vacuum wherein the surrounding atmosphero can act with 
irresistible force. 

Absorption. — We will conclude this outline of the phenomenon of condcnsaliou by citing an 
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experiment known to physicists under the nume of absorption, designed, in the fleet pleoev to 
domonstmte Uk; faculty we possess of creating a vacuum by means of the condeTisation of steam ; 
and, in the next, to caution us aninst the accidents that may result from tliat M'lfewiiic property. 

In chemical experiments, and in many industrinl operations, an ap|iaratus is used analo^os in 
arrangement to tliat represented in Fig. 855. This arrangement consists of a closed receiver A, 
placM over a furnace B, and containing a liquid 
that has to boil ; then a pit»e D that starts fn»m 
the receiver and, descending, plunp^s into a 
vessel (!, contaiiiiug stimo C4»ld liquid, such ns 
water, through which the steam disengaged from 
the receiver A has to pass. 

As soon as ever the ebullition commences, the 
steam that is generated exjtels, by ilogrecs, the 
air contAined in the appamtus, and forces it to 
cscara by the pipe D, driving the liquid before 
it, whose level is ncccamrily the same in the tube 
and in the vessel ; and flnally imsscs through the 
tube itself, rising,in the form of bubbles, through 
the water c^mtained in the ojjeu vessel. The air 
twing completely cxiielUd, the apparatus is now 
flUod wiUi steam only. Things l>eing in this state, 
if we extinguish the Are ntul continue to keep 
a free oommunivation between the two vessels 
through the pipe D, the steam will gradually 
cook losing a portion of its elastic force. But, ns 
that elastic force was the only thing that lialancod the atmospheric pressure plus that of the height 
of the water in the vessel C, tlie excess of that external pressure begins to manifest itself by tho 
rising of the water in the pipe D. As the cooling goes on, tho prci«ure of tho steam continues to 
diminish and the water to ascend in the tube till it reaches the top and flnnily penetrates the body 
of steam still remaining in tho boiler A. At this Juncture the whole of the stinni is wsm com* 
pletely <lestrrtvc<l and a vacuum is ereated, tliat is to say, an absence of all expansible fluid. Wo 
then see (he water continue rising, but this time with im)>etuotiity, until the entire apparatus is 
filled, if the water in the vessel U be sufficient for the pur|su»e. 

Tills effect, so simple to understand, is producj*il every time that a capacity containing steam 
is placed in rommnnicatinn with a reservoir of liquid with a sufficient prt'ssnre, and that tlic steam 
is destroyed by condensation — fin condition, however, that tlie pressure of the colnnin of water in 
the tuiie, if full, exceed not that supported by the liquid in tho open vessel. In the foregoing 
experiment it is certain that if the distance between the level of the water in tlic vase C and tho 
horizontal portion of (he pipe D had exceeded, vertically, ten metres, the water in the rcscrv’oir 
could iiev<<r have entered the boiler, and the vacuum would have nfiiuiined. 

Therefore, if absorjition is a thing to bo fearctl, a vnenum is not less so, since the atmospherio 
pressure, that has the |tower of raising the water from tho lower bi the tip|ier reservoir, may like* 
wise burst in the latter, if it l>o exhaiiste*! and have not sufficient strength of resistance. When- 
ever there is danger of such an accident occurring, it is remedied by means of a small valve, 
opening inwards, which allows tho air to re-enter the apparatus. To prevent al>sorptiun, a cock £ 
may Ik* emjdoytd, which should be closed liefore the cundeiisatiiin of the steam. 

We see, (hen, that the condensation of steam is the means of creating a vacuum and raising 
almost any vtdiiino of liquid to a height correspomling to tho atmospheric pressure, and which 
varies according to the density of the liquid use<l. KfriTtnnlly, what we have been signalixing os 
accidents, constitute, in many cases, most valuable resources in tluiir practical application. 

Calorific At lion in Me Fi>rvuUion of Steam. — 1,’aloric, or heat, is the chief ogimt, or, to express 
onrw'lves more appninriately, the sole apmrent cause of tho phenomena of dilatatiou and the 
change of state tliut uoditw undergo; for, by penetrating tho mass of constitutive uiohK'ulea, it 
coin|iels them to separate, and widens the interstices tlial w>em naturally to exist bctwi<!en them. 
This external fiict might be defined by raving tbat heat repulses the mok<^iles of a body from each 
other in order to make room for itself, and establish an etpiilibrium bctwix-n its own intensity and 
that of the mcdiiun or sjiace occtipifsl by the mam/>f the UmI)* ; and that the result of this inter* 
vention is an eflbrt of repulsion equal and oppoeed to the cohesive force of tiic molecules thciu- 
aelves. 

We <*4>nclnde, fnim this definition as well as from the oWrvcil fact, that the greater the amount 
of heat so much greater is tho effect of repulsion. Finally, this disbrnsion of tlio molecules by an 
excessive quantity of heat, after producing simple cX{tansion or an^entation of volume, results in 
a change of state ; (hat is to say, that from solid a b^y becomes iiijuid, and from liquid it passes 
into the gaseous state or sU-am. 

It must not, however, lie sup|>oaed, because this sf«>nd change, as reganls liquids, bikes place 
in vacuum without any apparent inten'ention of heat, tlmt that intervention is wanting. It would 
lie an error. 'Die action of calnric is i|uite as rial as in any other mode of fonning steam ; and, as 
we have already roinarkcd, the only result of a vacuum is to give rise instunbineoiisly b> what 
would have bikcn place but slowly in the open air. The atmospheric presBuro is simply an cITort 
b> lie overccune by larger quantities of heat in onler to create steam beneath its iiifiuence. As b» 
the beat necessary to prtHluce the phcnomcnnii in a Itaroineb-r, it is taken frimi the liquid mass and 
from the instrument itself, instead of Isring siijipliod by fire. 

There Is, therefore, no exception as regards the foriantbiii of steam. Whatever method wc 
make use of in order to produce it, caloric always intervenes, and with the same intensity, when 
the (cnsioiis arc the same. 
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We only repent hero wliat bne nlroatly boon fully demonstreted in the preceding soettone. Wo 
now paM on to the 

Mechanical Power of SUam. — The reneon why steam is used, in preferoitco to permanent gaaeii, 
to produRo motive labour, U because of the facilities wo havo of quickly destroying its power; 
or, in general, of giving it a tousion superior to that of tho mcdiuin in which the motor works to 
wbicb it is applied. For, the action of eijmiisimi being tho same in all cases, such gases <N>uId 1^ 
employed as motive force just as well as steam were it uqually possible to increase or lessen their 
proMmro without expenditure of mechanical force. 

It is true that engines have been umstructed worked by atmospheric air heated ; such a pro- 
cess is quite practicable ; but, besides the (question of economy, it is much more difHcult to de]>rive 
air of its heat after doing its work than it is U> destroy steam by condenwitiou. 8o that, up to the 
present, the latter remains master of tho field. We sliall now ctidi'avour, tiierefore, to explain tho 
inechauical properties of steam, as applied to motion, observiug, at the same time, tliat the iden- 
tical reasoning holils good in the case of any {Htmiunciit gas. 

IV'wrik Ihme wtth /W/ Preesvkre. — It has Le«*n seen that, when steam is let off from a receiver or 
reservoir of any kind, it escapes with an energy the inteiisity of which depends upon its own 
tension and tliat of the metlium in whicii tiie fiow takes plan*. Tho esca{M« is, iDdeeti, the conse- 
quence of the pressure exerted by the st<<am u|k>u all points of the receiver containing it, and 
particularly upon the parts surrounding the orifice. 

In order to transform this pm{)erty into motive labour, let us suppose the following experiment : 

A vesM‘I, A, Fig. 850, full of steam that can be continuously renewed with a t 4 ‘nsion greab-r 
than that of the ambient medium, is furnished with a vertical tube B of indefiuite leugth. Thu 
latter contains a column of mercury rt‘sting u{xm a sinail piston a, while a sUip-ouck 
C enables the communication l>etwoi?u it and the reservoir to U; cut ofi*. 

When the stop-cock is clneed, the column of mercury' and its piston or diaphragm 
arc at the lower end of the tuU.‘, and rest u{x>n the cock ; but, if a*e come to o{>en 
this lost, the pressure of the steam will exert itself beneath the mercury' and cn- 
dcwvnur to raise it in order b> make its escape. The result of this action will bo 
different, however, according to the reciprocal situation of the eleiiieuts. 

In the first place, if the column of mercury, together with tho external pn-asuro 
which it has to bear, be o<]ual or BU{K<rior to tlie pressure exerted by the sUam at 
its l)otfe, the c«»lumn of mercury will remain stationary, and then" will Ijo no esra|io 
of steam : the mercurial column fully representing the resistance opj)OHed to tho 
expansion of the sb'am by the sides of the vessel. 

But if the pressure of tlie sU«in l>e the grtwtor of the two. the column of mer- 
cury will rise in the tube with an aocelcratirin uniformly incri*asing till it becomes 
equal to that of the steam, beyond which it evidently caunot go. 

Omsoquently, by choosing this {siiut of uniform velocity, wo have not only tho 
representation, but the actual measurement of a certain mechanical work per- 
formed, for we have a weight — that of the column of mercury — raise<l and moving 
with a fixed velocity in a unity of time. Thus the simple pressure of the steam 
is transformed into a real dynamical effect. Now it is not at all necessary to sup- 
pose that the steam has aa|uire<l the full velocity due to its tension, for it may 
raise the weight with a uniform velocity as slow as can possibly \to im^ined. To 
conceive this, let us examine what would occur in tho case under consideration. 

In the first place, the column of mercury, being inferior in weight to the pres- 
sure of the steam, will rise with an increasing acccleratioo, whoso more or less 
rapid progression will depend upon tho greater or less excess of the power over 
the resistance. 

But, if wc re-cstablish the equilibrium at any given point of that progression by tho addition 
of a small quantity of mercury, tho acceleration will cease, and the velocity will preserve the 
uniform value It had at the moment of that re-establishment. 

From this observation we may say, as in tho case of bydranllo motors, that 

/a an en‘jine, tehoee motion u am/orm, the fttoting force* and the reaittancce arc in perfect 
equilibrium. 

The mmo experiment shows, likewise, tho excess of force expended to ovorromo the inertia of 
a body, and make it acquire a uniform velocity iu a given time. 

To sum up the foresting definition, the work done by steam is also measured by a weight, in 
kilogrammes, moving m a straight lino at the rate of a certain uniform velocity, expressed in 
metres, in a second of time. 

The above experiment furnishes ns, then, with tho exact terms of the problem, wherein tho 
weight of mercury raised, plus tho ambient pressure it supports, represents the resistance over- 
come, and which must be equal to the pressure of the steam at the base of the oolunm at tho 
moment that uniform vch>city takes place. 

. Therefore, if that column weighs, atmoepherio pressure included, 2 kilogrammes, for instance, 
with an area at the base equal to 1 eontimetre, tho tension of tho steam will have to acquire a 
similar value for every wjuare contiuicire, or, at an approximation, a preseuro of about 2 
atmospheres. 

If the velocitv, remaining uniform, were equal to 1 metre in every second of time, the labour 
expended would 2 kilogmmmetres. The useful work would be half that quantity, because wo 
suppose the atmospheric pressure to form half the resistance. 

S*ot only is tho work mme by the effort exerted by steam assimilative to the simple displace- 
ment of a weight, but the quantities of steam to be expended may also be mea«urc<l by tho 
amount of work of which they are capable. In the preceding experiment it is clear that for 
every roctro which the rcsistaiK'e has been made to travel, a fresh volume of steam, meo6urc<l by 
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the section of the tube and that distance, has had to bo supplied bj tho roaervoir. Consequently, 
the volumes of steam expended are exactly pro]>ortional to the aork done, which itself is express^ 
by tho distance and the intensity of the weight raised, while this latter, again, is represented by 
tho inferior section of tho tube and the pressure of Die steam thereon. Bui, on the other band, as 
the pressure depends upon the tension oi the steam and the area of the section, we conclude that 
tlie volume of steam cxiieodid to do a given work is inversely proportional to tho figure of its 
unity of effective tension. 

Finally, 1 kilogrammetre being the product of 1 kilogramme by I metre, corresponds to an 
expenditure of steam, with an ctTective tension of 1 atiiioitphefe, exiual to a column 1 metre in 
height by 1 centimetre a{uare at the base, barring a fraction: or U'l litre. If the effective 
tension were double, tho volume would 1 m* one-half lens, and so on. 

Consequently, the expression for calculating the dynamical unity of volume of steam may be 
written thus: 0*14 k 

~ i‘ 0333P ~ 10» 0333 1* ’ 


wherein V repreaents, in litres, the volume of steam expended: 

k the qnaiitity of work, expressed in kilogrammi'tres; 

P „ the effective proasure of the Htoam, that is to say, its excess over that of the 

medium oppot^ as resistance, knowing that 1 atmosphere corresponds to an exact pressure of 
1 '0333 kilogramme im the iK}uare centimetre. 

Example.— \^liat volume of steam would Iiave to be expended in one second in order to 
produce 1000 kilogramnudres of work, its effective pressure being ei|ual to 3 atmospheres ? 

Solution. — We find 


V = 


1000 

10^-333 X 3 


= 32' 250 litres. 


It is evidently the same with this value as with that which corresponded to the quantity of 
steam goneratid for every kilogramme of fuel ; it is the theoretical value, or that which auswers to 
the real useful effect ; but in practice it varies very muoli, as we shall see presently, imlependently 
even of the method of using steam with expansion. It serves, however, as a general starting- 
)H>int, which we must not lose sight of. 

To show that this result is in conformity with tho disposition of the Tabic that will \ye seen 
further on, we will ascertain iu a direct manner what amount of work a given volume of steam 
with a known pressure is able hi produce. 

By adopting the cubic metre lor unity, it will suffice us to suppose that tlic Imse of the tulxt, in 
tho presiding ex}H‘riment, has an ari-a of 1 square metro; tliis will give 1 cubic metre of sUrani 
generated for every metre of distance travelled by the resistance. But, as this latter is always iu 
eijuilibrium with the pressure of the steam, the weight raised will l>e precisely e<|ual to the t4msioii 
or the steam multiplied by the base. We shall therefore have 10333 kilogrammes for each ntmo. 
s])hcre of pressure, multiplied by 1 m^tre; that U, 10333 kilogrammetres as the theoretical work, 
developed by 1 cubic midre of steam for every atmosphere of effective proHnure. 

We must once more observe that this result supposes, os a matter of course, tliat the initial 
pressure of the steam remains unaltered during the whole <if the time that tho work is Udiig 
dune; which is not the case when It is used with expansion, as we shall endeavour presently to 
explain. 

H 'wA Peveloped by HrpansioH, — From the physical properties recognized in vapours and gases 
in general, front tho beginning, it may readily be imagined what takes place when any s|mcc, 
filled with a definite volume of steam, is enlarged. The said sttain, by virtue of its unlimiUd 
|mwer of exiiansioii, which makes it tend constantly to augment its dimensions, continues filling 
the capacity it occupied, in spite of the extension of the latter, and exerting against the sides of 
the vessel a pressure that diminishes in the inverse ratio of the successive volumes it is made to 
assume. 

This pr«)pertv, the effect of which is entirely analogous to the unlicnding of a spring that has 
boon compreMscJ and then suddenly allowed h) go, is ciiaracterizcd in practice ns t/ir cx/tungioa o/ 
stfrim ; and this designation is rescTved for engines where steam is us*?d ui*on that principle. 

To w.mvey a general idea of the use of steam with expansion, wo need only revert to the 
experiment last eihd. and stipjiose Uiat the unifonn velocity having been obtainid, the stnjt-nxrk 
C, Fig. 35(i, is completely clcicd, so as to prevent the reservoir furuiMhing any fn*sh quantitit* of 
sti'am. That veloeiU will then be limittd to tho volume confln«d In the tube between the 8toj>- 
oock and tho base of the column of mercury raised ; if tho rcBistance retuaimd fixed, the iiintion 
would lie continued for a few moments by virtue of the nc<|uirtd vehicity. but aith a uniformly 
retarded movement, till it became extinct, wlicii the column of mercury weuM imineiliately fall, 
reducing the volume of steam to that which it occupied at the time that the sbqMMck was cioHfd. 

But, if it Wi re |xnfisib]e giailually to diminish the weight f>f the inenmrial column in tlie same 
ratio as tho pressure of the sti^am, which le<e<ns as the sjiac^ it occupies enlarges, tht« uniform 
ascending motion would be maintiiimd, and the steam would still yielu work thn>ugh the agency 
of its exisuisive power, weaker ami weaker, it is true, but wlitch — were it not for the limit marked 
by the extenml resistance of the ambient medium, to which the force of the stwuu mu*t be superior 
iu order to produce an effect— might be indefinite. 

Omsixjuently, over and alxivo the work developeil by the free flow of steam from the rraorvoir, 
and cstimuted iu the iimnner already indicated, there is yet a further amount <»f hdxmr cnjiable (»f 
Isung nroiluced witliont any extra expenditure of sham ; it U, in fact, c<?rtnin that, in ordiT to 
draw the griaWst fKKisible prritit from stiam, it should not be relinquished until its )iressure has 
bec<iine so wtak as b> l»e almost unfit for any useful work. 

There now remains to In* CHleulated what ore the total quantities of workdevc1f»ped under these 
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conditions. This it will be easy to do m soon as we have said a few words toncbing the law die- 
ooveriHl by Boyle, commonly called the law of Muri<itt4>, to which we have hitherto only alluded. 

MarMtf't Imv . — When a detiniU) volume of any permanent gas is subjoct«i to diderent 
pre^unw, it is nadily percuptiblo Utat it diraiuUb<a m voluuiu as the pressure increases, and, 
reciprocally, that the former augments as the latWr decreases. 

Apart from this first result, which is evident and pal|>ablc, it has been ascertained that, tbo 
tciu|a-ratures bidog e<|ual, the volumes occupie<l are in a striking manner inversely proportional 
to the proMsurcM exerted : whence we also naturally deduce that the densities sue directly pro(M)r* 
tioual to these same j>ressurea. 

This important physical law boars the name of the Abbot Mariotte, a French physicist. Boyle 
was the flr«t to fimneiate it. It has since been verified by the most competent men, such as Arago 
and l>ulong, Kanuiay, Pimillet, UegiiAult, and others. These illustrious savants found that 
Boyle’s law buffered some slight variatious with certain gases and under oonstderable priwaures; 
the difforeuceM tlmt have Ittsm observed by the aid of very delicate operations are not, however, 
of a nature to disturb the ordinary practical results. Wo shall therefore admit this law, purely 
and bimply, in order to study the etfects of steam In the phenomenon of exjiansiou, where it presents 
itself as a itermaueut gas occupying successively dilTereut volumes. 

Bi-foiti appruaching this subject, let us sum up the law by its numerical repreaentation and by 
an exumph^ 

II' we designate by P, the pressure of a gas, or the exproasion of its elastic force for the unity 
surface ; 

V, its onrrt«ponding volume ; 
d, its density ; 

ami bv P', V', and d', the same properties under other conditions; 
we bay I* J P* J ; V' I ; in otimr words, th« prr#»i*rei are m the lacersc ratio e/ the lolumet. 

We next find d I d* ; ; P : P' or d J tT r I V' I V, that is to say, 

TKr dmsitica arc tUrevUy proportiofuU to the prYwerea, or inveraely proporiianai to the toivmea. 

Kxample. — If wo retluce by | tJ»e volume V = 1 cubic metre of a gas, whose preasuro P = O’ 80 
in ire of mercury, and whose density d = 0*0012, what will be the pressure and density P' and d' 
under iht! new volume V'? 

8olution.-pThe above relations supply the following : 


V • 


and d* = 


d X V 


But, according to the data, the value of the fresh volume is 

V'=l—x i =0'“-6. 

D 

From this value wo deduce the following ones for the pressure and deiihity : 

O KO X P* 0 0012 xP- « 

K = — — ss 1“’00 of mcrcurj*; and (fsi ■ .tca-a ” 0’0015. 


This law is so simple, that the above indications W'ill certainly suffice to make its application 
iindirnVKMl. Besides, the two foregoing pm{iortions supply the elements of all the problems thst 
might be proposed. We must only remind our readers that, in order tli^t its application ma^ !>e 
correct, it is necessary tliat the gas subjected to the change of volume slmll n^tain its primitive 
tem|ierature, otlierwiiw etfc<ds of dilatation or contraction are product<d that influence and modify 
individually the result, which Is supposed to be due solely to the alteration of volume. 

Calt.i»iiition of the Ttdal UWA dune htj the KipanaioH of Hince the amount of work done is 

always expresM^l hy the prduot of tlie pressure exerted and Uie distance travelled by the resist* 
ance in the unity of time, balancing that pressure, any (luantitv of work may then be graphically 
represcuhsl by a surface that ran also i>e uumsuml by tue nruduct of two numU'rs. rlfi^ectually, 
let us supjNwe a certain efl'ort, cxnn'Sbed in kilogrammes, to t>e represented u|ion any given scale by 
a right line A B, Fig. 857, the divisions U)kiu which indicate precisely so 
many kilogrammes; and that the distamx; truvelled by the resistance in 
the unity of time, and uiuler the influence of that eflfort, l>e represeiikd by 
a hurixontal line A D, whotie divisions are so many mi-tres or fmctiims of 
metres ; it is clear that, by completing th«* rectangle A B C D, its surface 
will IfC the actual measurt*ment of the work, since it is the product of the 
units in A B by thow* in A 1). 

For instance, let A B measure 8 centimetres and n'prescnt 8 kilo- 
grammes, while A I>, lueuMiring lOceotimi tres, represtmts 10 mi trtw of dis* 
tauce travelled in tin* unit of time, say 1 second, the amount of work, measured aa usual, will be 
8 X 10 = 80 kilogrammi tres. 

But the surface of the rectangle, cstiuuited, in like manner, by the product of its sides, gives 
also 80 : so that each small rectangle formed by the intersection of the uivisional lines represents 
1 kilogrwmmetre. 

This fact, very easy of comprehension, being once proved, let us suppose that during tho 
journey the effort varies, though the velocity still remains miifoiin. It will then happen that tlie 
straight line A B, travelllug from A B U* 1>C, and which geuuraUHl a rectangle by the fixity 
of its vahus will no longer |mjsboss tliat fixity, and B U will ermse^uenUy iv-ase to be u straight 
line : neither will the ligun* a rectangle, but a surface limited by right linos u^mn three of its 
bides, and by a broken or curved lino U{m>u the fourth ; or again by a right line, but not paraUul to 
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the bMC, if the varUtioa in the renstfinoc follows a certain regular law. Wc should thuji obtain 
(»uc of the thn>e trueinga indicate<l in the subjoined Fig. 858. 

The total amount of work developed for each distance travelled A D« multiplied bv the variable 
resistance, will, however, be none the less accurately reprosentod by the surface of each figure. For 
Kucb surfaces may be divided into sufficiently 
small parts, such as abed^ in the direction of 
the distance travelled, for them to be consi* 
derrd as so many rectangles or portions of work 
generated by a particnlar effort which remains 
fixed during the corresponding time. The sur- 
face, then, of every one of those elementary 
parts will represent the amount of work an- 
swering to it ; ami as the sum of those {)arts 
is equivalent to the entire surface of the figure, 
it naturally folloas that this last represents the total amount of work done. 

By knowing, then, the law of variation by which an effort is governed during the accomplish- 
ment of a certain lalwur, it will always bo easy to reckon the total quantity of work develnpotl, 
since the only tiling required is to make a graphic representation tuereof and to measure the 
surface of the figure thus obtained, according to units previously agreed upon as representatives 
of the efforts and the distance travelled. 



The amount of work accomplished by steam during its expansion falls precisely within the 
conditions we have just examin^. It is a decriMcent effbrt exerted to overcome a resistance which 
is supposed to diminish in the same ratio in order that uniform vehjcity may bo preserved. As to 
its law of decrescence, it is admitted tliat it follows that established by Boyle, as wo havo 
already stated, always supposing that the temperature of the steam remains unaltered during the 
period of expansion. 

I>et us endeavour, from this, to bring together these principles so as to find the value of the 
work that would be developed by a determinate volume of steam producing, at first, an amount 
of labour at full pressure and which can be measured as wo havo previously shown, and then 
exjiandiug to a given limit. 

By referring back to the experiment, page 424, which wu admitted, we were enabled to 
ascertain the effect produced by a cubic metre of st^m acting with its full initial pressure, and 
wo found that the work thus done was equal to 10:t33 kilogrammetres for every cubic metre and 
for every atmosphere of effective nressure. Moreover, if the distance travelloii l>e equal to 1 metn^ 
the corres|K)nding pressure will t>e 10333 kilogrammes. If, now, this work being accomplished, 
ito further steam be supplied, that already inti^uced and now isolated from its source will (Kvuny 
gradually-increasing volumes, whence its pre4MUro will successively diminish acconling to tno 
same decrescent progression as that indicated by Boyle’s law. The base of the receiver where 
the expansion take's place remaining the same, and the volume of steam, therefore, only lai'jtheninj^ 
iho decrcsconco will apply itself directly to the initial pressure of 10333 kilogrammes. 

Lot us, consequently, make a graphic representation of the work done at full pressure in iho 
first place by a rectangle A B C L>, hig. 859, of which A B represents the initial proasure 10333, 
and A D the distance travelled during the perform- 
ance of the work ; then, having extended the base of 
the rectangle, let us draw lines iMraliel to A B from 
each of the points indicating the auccoasivo distances 
run from tiie moment that the steam was cut off. 

The value of every one of those vertical lines must 
l>e that of the pressure acauirod at the end of the 
corresponding distances ; anu as these arc exactly pro- 
|K>rtional to the successive volumes of the sU«m, ami 
as the pressure ^uired by the latter at every in- 
crease of volume is m the inverse ratio of the propor- 
tion which the last volume l>eara to the first, it will bo 



easy to dotennino each fresh acquisition of pressure. At any rate, wc get, from the preceding 
proportion, P I 1” 1 1 V' : V, the following, C 1> or A B ! C O' : : A U' : A 1). 

In oUicr terras, if, for instance, each division of distance travellcil or augmentation of volume 


be A, of the primitive one A 1), we sliall have as the successive values of the ordinatea similar 
4o(>D, 

20 20 20 20 20 20 20 

C B X — ♦ * * f — 1 — — I — - 1 — - f — — , and so (hi, 

21 22 23 24 25 ’ 26 27 


20 

20 

20 

20 

20 

23’ 

W’ 

25* 

26* 

K' 

9 

23 

24 

25 

26 

27 

20* 

20* 

20* 

■^* 

20 


By uniting, then, the extremities of all the ordinates thus determined, we obtain the complete 
figure A B C E F, whose surface will represent the total amount of wiirk develnpc<l by Uio primitive 
volume of sttam eximmleil, till it reaches the angmentation of volume indicated by the cxtcimion 
of the base A F of the figure, which may be continued to any requircnl limit. 

If we perform this ojieration with steam at the unity of pressure, Uie cx|Mnsion being tlio 
same, the work fount! by squaring the figure will bo proportional to any initial pressure which 
the stt^am may possess, because, when the expansion continues unaltered, the lau*c A F is invariahle 
and the heights arc proportumal to the pressures. Hut, if wc take, ns starting-point, a determinnto 
volume of steam, it is clear tliat the result will likewise be in pnqiurtiou thereto, because the base 
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A F in proporticmftl to tho primitlTe Tolumc, and that, the heights being equal, the surface of tho 
figure becotnes projiortionnl to iU base. 

Finally, we ascertain by this process the quantities of work that may be developed by a 
cobio metre of steam at a presMuro of 1 atmosphere with diflferent degrees of expansion ; and when 
it is wanted to find the work onrresponding to another volume and another pressuris it is only 
necessary to make the product of those different data by tho value indicated for 1 cubic mi-tro. 
The results thus obtained are completely satisfactory in practice. Only it is indispensable that 
the apjiaratus wherein tho ex|>ansion takes place bo so disposed that any exteriml cooling may 
be avoided, otherwise there would ensue a condensation of tne expanded steam that would render 
tho application of Boyle's law incorrect. 

PuDcclct, who was one of the first to mako this theory known, has also c«Uculatccl a Table 
giving the quadrature of the initial figure for different exxMuiBions, throughout a notable extent. 

We here reproduce tliat Table, to which wu shall refer every time we have to calculate the 
conditions of an engino working with expansion. 


Tabu: or the Total Qi’antitibs or Work developed by 1 Ccbic Metre or Bteau thder 
P trrKKEXT Kxpanstons, a.vd with a l^Esst'RK or 1 Atnuspheke. 


Volume 

after 

Kxpanakin. 

(Quantity of 
Wtsrk 

OofTcspuitdlng. 

Volume 

after 

Expaaaion. 

QuenUty of 
Work 

Correepundlog. 

Voltnne 

after 

Expaiition. 

CnmapuodlDf. 

Volume 

after 

RxpiiBalon. 

t^ntlty of 
Work 

Curre»|ioiidinR. 

c. m. 

kirru. 

c. m. 

kgui. 

C TO. 

kmn. 

c. rn. 

kftn. 

I'OO 

10333 

1-35 

i:i434 

2-80 

20973 

5 -.50 

27949 

I'Ol 

104 :w 

1-40 

13810 

2-90 


5-60 

281:45 

1 02 

1U538 

1-45 

14173 

800 

21686 

5-70 

28318 

103 

10639 

1 50 

14523 

310 

22024 

5*80 

28498 

1-04 

107:19 

1-55 

14862 

, 3*20 

22:4.53 

5-90 

28674 

1 05 

10837 

1-60 

15190 

. 3 :40 

22671 

«00 

28848 

106 

ion:« 

1-65 

15508 

1 8-40 

220?J 

6*25 

29270 

107 

11032 

170 

15816 

; 3-50 

2:4279 

6-50 

21MJ75 

108 

11129 

1-75 

16116 

' 3-60 

23570 

6*75 

3O0»j5 

1-09 

11224 

180 

16407 

1 3-70 

2385:4 

7*00 

:40441 

110 

11318 

1-85 

16690 

1 3*80 

24128 

7*25 

30804 

Ml 

11412 

1-90 

16966 

1 8-90 

21:497 

7*50 

31154 

112 

11504 

r»5 

172.34 

400 

24658 

7-75 

31493 

113 

l!5iKi 

200 

17496 

410 

24914 

8*00 

31820 

M4 

11G87 

205 

17751 

4-20 

25163 

8*25 

321:49 

M5 

H778 

1 210 

18000 

4-30 

25406 

8-50 

32447 

I 16 

11867 

; 215 

18243 

4-40 

25(443 

8*75 

32747 

117 

11956 

' 2-20 

18481 

4-50 

2.5875 

9*00 

33038 

M8 

12044 

, 2-25 

18713 

4-60 

2610:4 

a -25 

33321 

119 

12131 

1 2*30 

18940 

4-70 

263*25 

aso 

83597 

1-20 . 

12217 

' 2-35 

J9162 

4*80 

26512 

y-7a 


1-21 

12303 

1 2*40 

19380 

4*90 

267.55 

1000 

34127 

1-22 

12388 

2*45 

19593 

500 

2(R»64 

1500 

88:417 

1-23 

12472 

1 2-50 

19802 

] 5* 10 

27HJ9 

20 00 

41289 

1-24 

12556 

2*55 

20006 

] 5*20 

27.369 

25 00 

43595 

1-25 

126:19 

2-GO 

20207 

1 .5-30 

27.5(« 

50 00 

507.58 

1'30 

130H 

2-70 

20597 

6*40 

2775U 

100*00 

579*20 


U$e of the preceding Tuhtc . — The first column of the above Table shows the successive volumes 
that a cttbic metre of Sudani may assume by expansion under a pressure of 1 atiiuisphere, and tbu 
MHY>nd tho total quantities of work corrcM|Mmding thereht, developed before and during cxjiansion. 
The Table exhibits, also, the great advantage of prolonged expansion. 

Ho that a cubic mHre of sUam that only develops 1U3H3 kilognuiimetrcs of work if used without 
expansinn, pnsluccs 261)64 kilngrammutrea when allowed to i^x|)and to five tiroes its primitive 
volume, and 34127 when the expansion is ten tiroes that volume. Let us a<ld that, in order U> 
fiml the work corresponding to any |nrticular volume and effective pressure, it is sufficient to fonn 
tho product of those data by tho number in the Table answering to the same expansion. For 
instance, if we want to know the amount of work done by 0“*"400 of steam at a pressure of 5 
atmospheres atal an expansion of five times its volume, we havo 

261)64 X O' •”400 x 5 = 53928 kilognunraetres. 

The precoling notions are siifllcient to convey a practical knowledge of tho conditions that 
determine the existence of the agent that animates tlio motors now under consideration. 

It was clearly ncccsmrv that we should first of all become aonuainted with its physical pro- 
perties, that is to say, the laws that govern its simple formation, and the natural phenomena which 
it presents, before even any application of it is romle. Tho second point was to ascertain its 
mechanical power or the oonverainn of its mere physical pressure into work, characterized by a 
resistance overcome and a distance trav(41e<l. 

Having demonstrate*! this, there can be no difficulty in the way of understanding the descriiH 
lion and working of a Rteam-engine. 

The amount of work dovclojicd through the expansion of steam may be readily found, witli 
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mAthemfttical accaracy, by the rnllowinf^ Rule, einoe the dual logarithm of any given number can l>e 
calculated without the u»h of tabloa in a fow minutoa, 8ee Byrne's ' Dual Arithmetic a New Art.* 

To Find icith MtUheintUtciii Acmrxtcy the Ktastic Force of Htetun in (JniUo/'Work, Jtnie. — Multiply 
the pressure at which the steam is admitU^l by the distance travelled by the pishm before the 
steam is cut off, which product call (A). Divide the whole length of the stroke by the above- 
mentioned distance, and add lOOOOOOOO to the dual logarithm of the quotient ; call the sum (U). 
Then A multiplied by B gives the whole units of work when eight decimal places are cast off for 
the dual logarithm. 

Suppoee the pressure of the steam = 21 lbs., the length of stroke 12 ft., and the steam cut off 
at 4 ft. 

12 

4 X 21 s 84 ; call (A). = 3. Dual l<^arithm of 3* s 1098G1229, 

4 lOOOOOOOO, 

2-098G1229, (B). 

A X B = 2 0(»80I22» x 84 = 176-28343236, the exact area of the figure A B C E F, Fig. 859. 
Hence, the rule gives 176’ 28 units of work done on each sciuare inch piston in a stroke. 

In pnu;lioe the Indicator givtw a very different figure : however, the nearer the Indicator- 
diagram appmaclnw the true or mathematical diagram, the more perfect is the working of the 
engine. 

Buppnse the pressure of steam to be taken at 48 lbs. ; length of stroke = 5 ft., and the steam 
cut off at 2 ft. in this case 48 x 2 = 96, which call (A). 

j s 2*5 dual logarithm of 2'5 s 91629073, 
lOOOOOOOO, 

1 91629073, (B). 

A X B = 1 '91629073 x 96 = 183‘96391008. which is mathematically correct. Therefore tlie 
rule gives 181 units of work on the square inch in a single stroke. 

— 8team of 42*35 lbs. pressure is admitted to the cylinder for 2*36 ft. of a stroke of 
10'45 ft., then being cut off acts cxjiansively ; how many units of work is done on 1 sq. in. 
of piston in a single stroke? 

42 '35 X 2 '36 = 99 '946 (A). — 4*428. Dual logarithm of which may be calculated 

iu a few minutes. 

Dual logarithm of 4*428 = 148794803, 
lOOOOOOoO, 

2*48794803, (B). 

A x B = 99*946 x 2'48794803 s 248*6604538W»38. Eight d(.<rtmals l>eing allowed for the 
dual logiirithm 2*48794803, 99*946 X 2*4879 = 2488*66 the uuits of work dune on a wjuaro iuch 
of jiistou iu a stroke. 

— The length of the stroke in a coudensing-engine is 12*3 ft., the pressure of the steam 
43*7 lbs., and the sUwin cut off 3*7 ft. of the stroke. Find the gross load u|HiQ each square inch, 
and the poiut at which the velocity of the piston is greatest? 

= 3-3^4327. 


The dual lo^rithm of 3*321327 may bo calculated In a minute or two; it is = r2()126T20, 
which, when divided by 10*, = 1 ‘2012671^. In the lauguage of dual arithmetic, this o|xTatiou is 
concisely exprussod Urns: , 12*3 \ 

V 3^ / 

— = 1*20126729. 

Ur 

The amount of work on 1 sq. in. of piston in a single stroke 

43*7 X 3*7 x 1 *2013 -p 43*7 X 3*7 = 43*7 x 3*7 X (2*2013) = 355*928197. 


Honoe, the mean pressure on the ts|uare iuch = 


355*928197 

12^3 


= 28 *94 lbs. 


It is (orident that the velocity is greaUwt at that point of ttic stroke where the ex|>ended steam 
attains the pressure of 28*94 lbs. Then, putting x fur this {joint in tlie stroke, we have, by 
lh>ylu’s law. 28*94 t 43*7 X 3*7 ! x x — 5*59. It is further evident that the length of the 
stroke, 12*3 divide<l by 2‘201’2672{^ givea the {joints x also. 

— The length of stroke = 9*76 ft., {jreasure of steam = 45*3 Ibe., sUmm cut off at 2*5 ft. 
of the stroke, the area of the piston = 4185*39 s<{. in., the weight moved having the same motion 
us the pisUiu 72640 lbs.; what will be the maximum vel>x;ity of the {>istoa? 

9 76 
T-5 


The dual logarithm of 3*904 divided by 10* as 1*37200166; then, according to what has Wn 
9*76 

shown in the last example, -- s 4*115 ft., the letigtb of stroke made when the velocity 

2*37200166 

is greaU^t. The work of the steam up to this point, on the whole {liston, = 

45*3 X 2-5 X (1*49834708) X 4185*39 X 72640. 
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4115 

Bince tho dual In^rithm of — ^ , written dividwl by 10* js •4n83470H, to which 

I u addcMl. The units of work by tho whole pisbiii in a single stroke s 
45-3 X 2-5 (2-372) x 4I«5-;I9 - II243I7. 


For 2‘372 s (3 004) divided by 10* + 1. Mean pressure on the square inch = 
45-3 X 2-5 X 2-372 


0-76 


=■ 27 -52 lbs. 


Dut the work done upon the rcsistancos up to the point (4 - 115) of the stroke whore the velocity is 
a maximum s 4-115 x 27*52 x 4135*30 473074 units of aork. /. The accumulaUxi worli in 

the piston when the velocity is a maximum ~ 710210 — 47%C4 s 236236. Then^ putting v for 

thennaximum velocity of the piston in feet a second, — = 236*236 c = 14 '464 ft. 

G44 

Taking the data of the last example, And the weight (W) of the mass movwl, supposed 
to be posited in a position to have the same motion as the piston when its luaxiiuum velocity is 
5 ft. a socimd ? 


W may be found from knowing that 


5* X W 
64* 


= 230236. W = 639713 ll*. = 286 tons nemrlr. 


<?ucs. — The length of the stroke in a condensing-engino s 10 ft., the pressure of the steam 
= 30 llw., the steam cut off at 2 ft. of the stroke, the area of the piston 4U0o s<]. in., and tho 
weight of the mass moved having the same motion as the piston = 50000 lbs. ; what is the velocity 
of tlie piston when 4 ft. of the stroke is made, supposing all the appliances to bo perh'ct ? 

Total work on 1 wp in. of the piston = 30 x 2 X (2*60^3731) - 15^>'566. For the dual 

logarithm of ~ = 160943791, and 1 added to 160943791, divided by 10*, gives 2*60913791. The 


mean pressure of the steam, or gross load, = 


156*5iW 

10 


= 15 G57 lbs. The work done on the 


piston wbon 4 ft. of the stroke is made = 4000 x 30 x 2 x (1*69314718) = 406355. Since 
the dual logarithm <»f | = 2, -- 69314718. But the excels of this work over the work expended in 
moving the resistance shows the units of work accnmulate<l in the plshm when 4 ft. of the stroke 
is made. Work of resistance up to this point of the stroke — 15*657 x 4000 x 4 s 250512. 

Work accumulated in the piston = 40t>355 — 250512 = 155343. v being put for the velocity, 

then "* = 155«3. » = 14 • 16 ft. 

04 ^ 

In the same manner the velocity may be found for any part of the stroke. The weight of the 
mass moved in any engine, referred to the piston, may be fnxuid as in an example previously given. 
The mechanical principles of steam evolvtkl in the last four examples are worthy of }tartieular 
attention. 

Before the art and science of dual arithmetic was discovered, indc|>endent and direct solutions 
of such (|Uestions as the following defied the combined skill of mathematicians. In such cases 
results were generally guessed at, or roughly approximated to, by the help of emjnrical rules 
and limited tables. Questions that presented great difiiculties may now )>e solved with ease, and 
without extmtieous aids or metiuds of appmxinuition ; the subject is merely touched ufMin in this 
place to call forth a spirit of inquiry respecting an art so easily ao(|uired, and at the same time so 
extensive in its application. 

</ac«. — Steam at 60 llw. pressure (p) is cut off at s feet of the stroke, and cx{>ands, according to 
Boyle’s law, so that the mean pressure thrtiugh4/ut Uui stroke = 32 lbs. (7), the whole stroke = 7*5 
ft. (ci): fiml X by a direct pruceas, without the use of tables or empirical rules? 

We have before shown that logarithm of j , which any student 

may calcnlate by common addition and subtraction. 


Then px(^_y'+l) 




+ 10*x = 10*^^ 


aq 


xa«, + 10»)-10«^’=xj,(x). 

Putting M for 10* ~ , and N for i, d+ 10* ; the last equation may become x N — M = x (x). 

Then a natural number n may he found of which N is the dual logarithm ; and a natural number 
m of which H is the dual logarithm. 

!i=x-. i = 

m wi \n/ 

Taking the — mot of l>nth sides of the last etjnation, and sulwtituting « for • , then, 
n n 
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10’ = 400000000, = i, («). 


/. I, = ’400000000; (7-5) = 20U90302. 


1, (7*5) + lO** =: i, (») = 801490302, i, 


Then 


(y-= 


( 9 = 


'30U90302. 


*049050503. 


f 1,(0 = *400000000 ( 049050593) = ’19G22037. 


The ^ncral Bolution of equations of the form ** = 6, or » (r) = ’19620237* ia given In ‘ Dual 

Arithmetic a New Art,* by Oliver Ityme, Part II., page 9S. By this new art * U readily found 
to bo s the dual number | ’84,5,*2'4*G’G'U, which is ojual to the naturul imtnbcr ‘07G221291. 

» = i = (•049030598)x = •076221291. .-. x = 1 ■ 53932 feet. 

We have now pointc<] nut how heat, water, and ateam, brought together in a boiler, combino 
to produce raechnnlcal eflVwt; but tho appliances ami exp4*rlnu*i»ts which we have thus far 
advanced were favourable, ao that nothing was intitaluced to prevent the results predicated by 
abstract reasoning from Unng obtained ; however, in practice many things onnspin* to curtail the 
mechanical effect of steam ; for instance, aomo boilers are at rest, others in motion, while tho motor 
stt'am is being generated in them. From some Imilt'ra, a particular pressure and a constant supply 
of steam from a limitod s|iace, iti a short time, is often required. The fuel emnloyc'd and water 
used play important parts for or against the efficiency of a lK»iler. The original boiler arrange* 
ments of James, Ogle, Hontgomorv, Dundonald. and Williams, and of a few other ingenious 
inventora, have ovcnxime many of the practical difficulties of boiler oonHlruction. Two mcthrsls 
are employed to effect the object in view, namely, the establishment of a large hcating’Surfacei 
compared with tho volume of water to which the heat is immediately applietl, and the application 
of oonsiderablo beat to the water, tlirough a small surface, and thus rapidly effect the conversion 
of water into steam rtf the required force. 

W, H. James' boiler was compo«KMl entirely of tubes of small diameter arranged side by side, as 
in Pig. 860, and inserted into two large uipos d!, e. One of tluaetulics or rings is shown in section. 
Fig. 8G1, and exhibits the sjiaoe occupied by tho water a c, the steam room 6 6, the horixontal pipe 
tl serving for a steam*piue, the feed- 
pipe e which distributes the water into 
the rings uniformly. The thickness 
of the rings was ^ in., of tho hori* 
xontal pipes d an<f e } In., and tlie 
diameter of the boiler 24 in. Tho fire 
was placed on a grate near the bot- 
tom, and sometimes directly on tho 
tub^ which thus formed the grating 
itself. This boiler was enclcwed by 
brick'Work, from inside the arched 
roof of which much heat was eenno- 
mizod by reverberation. James |)a> 
tented this boiler in 1825, and ho 
may be oonsidored to be tho first inventor who practically understood what was required to con- 
stitute an efficient boiler. The oomparatiro merits of tho boilers specified in the sucoetding 
tabulated arrangement can, in a great measure, be oomprehended from the appended data and 
registered results. 

Tho boiler invented by Nathaniel Ogle is shown fh Figs. 862. 86.3, $64. 

Fig. 862 shows a vertical section of Ogle’s boiler. Fig. 863 is a ground plan, and Fig. 864 
section of tho top. 

a, a, d, are tabes or vessels placed over tho furnace B in an upright or perpendicular or vertical 
mition. e, c, are tul»es or pijies for o<»nn(«ting the tubes a, a, a, together, d, d, d, are the inner 
flues which run throngh the inside of the tubes or vessi.’Is a, d, a, and out at the tom and which 
flues or tubes are also placed in an upright or perpendicular or vertical poeition, ana are for the 
escape of the heated air or gas arising from tho fire, which may be made on the furnace bars c, or 
in any other way that may be found convenient. /,/, /, are fimw or s|]aces which also serve for 
the escape of the heated air or gas arising from the fire, g, </, are the sides of the furnace; the 
front is supposed to be taken away, in order to show the Imiler or generator. A, the chimney, 
i, i, t, are Uilts for screwing tho tubes or pipes c, c, together. A, tho feed-pipe for supplying the 
boiler or generator with water. I, tho steam-pipe, m, m, m, arc tubes or pipes to connect the tubes 
or pipes c, c, together, n is the ash-pit. The water which u contained between tho tubes or vessels 
d, a, < 1 , may be pumped into the boiler or generator to any height at which it may bo found most 
convenient, ana a safety-valve may Ite attached in the usual way. 

From a series of well-directed experimonta, Ogle brought his boiler to a g^t state of nerfection ; 
he received much practical assistance from Thomas Don, the experienced millwright ana enginwr, 
who for a considerable time was engageil with Ogle in carrying out steam locomotion on common 
roads. One of the last arrangements given to Ogle's boiler is shown in Fig. 865: one of the horizontal 
tubes, detached, is shown in Fig. 8GG ; the dimensions, shown at A, 3 by 3f in. ; lengtlu 3 ft. 4 in. 

This boiler was composed of eleven rows of periwndicular tub^ ten tubes in each row ; the 
internal diameter ctf the upright tubes was 3 in. 

After a series ctf experiments, Ogle and Don so proportioned the heating-surface to the volume 
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n( WAtor to which it commtinicatcd a maximum calorific value, that they dispensed with the inner 
flues and ultimately prtxlaced a boiler of the ty|M* shown in Fi^. Hfi,*). Offle inm^rted a steam-pipe 
at 6; this pipe was pierced with Ik>Ic 8 like that shown in the Thomson boiler, Fig. The holes 
in Ogle's superhcftting and driiing tube wert^ not equidistant: they stood farther apart, near the 
exit at 6. Ogle poesettotHl great mechanical skill, aa well as extensive general information ; he 
was highly educated in both college and school. In early lifo he was an officer in the Royal 
Navy; his attainments in other de{>artinenis of science and art were considerable, and no man 
poascosed a heart with a greater amount of the milk of human kindness than Nathaniel Ogle. 


e writer knew him well ; peace be to his ashes. 

The boiler shown in Fig. 865 had 

•q. In. 

110 upright tubes: surface of each was 351 sq. in. ; in all 38,610 

22 horizontal tubes a, a, a; surfiui'e each 320 »q, in.; in all .. .. C.4O0 

3 horizontal tubes to join the rows of tubes at top and botkan, for 

water-supply and to take off the strain; the surface, in all .. 1,206 


Or 320 jmp. ft, or heating-surface contained in a sjtace of 34J cub. ft. 46,306 


mb. in. 

tubea, 26H cub. in. : in all 31,680 

Solid cnnlont. I tuboN 18,424 

Or IHO gallona. 50,164 


The Dundonald boiler i» shown in Figs. 867 to 871 ; this arrangement is original and very 
complete. 

rig. 867 is a general view of the boiler invented by Thomas Cochrane, commonly called Earl 
Dundonald. A is an aperture at the back of the ash-pit to admit heated air through a duct or 
channel B. C, to unite with the candent gaseous products of combustion at C, and complete the 
decomposition of fuliginous matter. From this iHiiJer Dundonald cuts oflf the steam-chest D, K. F, G, 
reducing the altitude of the boiler to D, G, and in lieu of the steam-chest he adds a reservoir H. K, 
of sufficient capacity, using the device I,., M, being a plate of iron or other substance, whereof the 
part M may either be immersed in the water, or a pipe or ehanncl M, L, may be adtlM, whereby 
the spray or water hurried up bv the steam may dcsctmd, so that the steam which shall enter the 
centrifugal separator O, P, may be comparatively dry : but should any spray remain enveloi>e<l by 
the steam, the same will adhere to and fall down from the separator through the tube or channel 
Q, which performs the same office as M, N. It is obvious that these ehnniiels, being immerseil at 
their lower extremities, do not permit the flow of steam in a direction contrary to the issue of the 
separated water. 

Fig. 868 exhibits a common tubular boiler, from which the lofty appendage of a steam-chest 
may bo removed and the steam reservoir substituted. II, K, represents that nwr^'oir, and 
D, E, F, O, the stcam-chest cut OS', which important improvement Dundonald renders practicable 
bv devices that retain the spray or water termed pn'imn^. M, is a guard to ward oit the effect 
of violent ebullition, and at M, N, ia an opening or channel (the lower part whereof terminates 
under water to prevent a counter-current of stcamX through which opening or channel the 
greater part of the pn'mintf descends, leaving the steam comparatively dry to enter the centrifugal 
aeparator O, P. 



Fig. 869 is an enlarged view of that separator, on the sides of which the remaining spray 
impingee by its rectilinear impulac. and adheres until it descends through a submerged pipe or 
channel Q, and returns into the boiler. The dry steam enters the reservoir H, K. at the ends of 
the separator O, P, by the openings P, the rest O being closed. But in constructing boilers it ia 
proposed wholly or partly to envelop the funnel in the reservoir, end so render Uie steam still 
more dry by imparting thereto the heat which the products of combustinn may then and there be 
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nble to iinpArt. Comli>n8e<l Bteam may be dra«7i nlT fpim the resemdr II, K. ami returned to tl»o 
bollerby a Hmall tninKriT-pump It, or by a imiinoctiou with the fecibpump, or it may W blown out 
tbrouKh a |>i|a> by the ateam pri‘tiHure. 

Fit;. 87U tfhowa a mvana of comiuuntcatin); power to pro))pIlin}( apimratus without Icq;; shafU 
or the oplinary frear. x ia a aUtam ifeiierator; ,v U a ah-am'piiK) encloaed in a cnae oompnaetl of 
the leaat-eondiictinv: material to pit'vent loiw of heat: and x ia a aUam reaervoir, plaotnl aa near 
the extremity of the vetMt'l aa may be rontenient : thua a abort pm|iel]erHihart from an en^ne 
rontijnioua thereto wilt aufliet*. (’onti^wma to the roaervoir x, and reaching to the t)tt*m>frame, 
Dundotiald placed a wat 4 >r or an air and water tight tank, througti which the propeller-ahaft paabCK, 
whereby the bearinga wcp' kept coi>i. and b'akage from the htuffingdioxeit pn'veiited. 

Fig. K71 M a biMt boiler, which, aa rcganla iU steam-generating arrangements, may be on the 
usual locomotive plan. Dundnnald’s improvements consisted in placing around the funnel, nr 
where most convenient, a steam-seiMirator to wanl off the effect of violent ebullition or external 
agitation, and <)raw off the spray or prt'min 7 arising thep>fp>m by the pipe or eliannel M. N, Q, 
braving tho sh-nm (Nmnianitively dry to iiass into the lower reser- ... 

voir H, K. ”'■ 

Dundonald justly claims the constructing of iMiilers with steam 
rest'rvoirs below tlie level of the water in lieu of and dispensing 
with steam-chests above ; and also the moans of retaining the beat 
ami drying the steam in a resenoir by the pnvenee of a portion of 
fire-surface, or by the passage of the flue or chimney tlierein. ^ 5 - 

His invention also prevents the overflow of water, termed pri- 1 >. 
mmy, into a steam n>aervoir by protecting plates or channels, having — "lO. 
grooves or duets, whose lower extremity is immersed in water within 
the boiler, or UTminaU^s in the steam reser^'oir. and so leaves a 

fn‘e issue for the primia<;whioh se{iamt 4 's from the st 4 'am. Dundonald also 
rightly claims a spiral or other rentrifugal M*{mmtor. which for the purpose 
might lie «juare or other shajie, ami still perform t)»e office of aeparatnr 
on the principle thereof : and the introduction of a siihmorgcd opening, 
groove, pipe. <luct, or cliannel, whereby the s|>my or water so separaUnl 
limy desetmd or |»ass off unopjsised by a counter-current of steam. 

Aliout the year 184d James Montgomery introduce*! the boiler arrange- 
ments shown in Figs. 872, H73. 

Fig. 872 is a vertical section through the Imiler anil through the fur- 
nace by which it is heatetl. Fig. 873 is a horizontal section through Uie 
furnace in the lino x , x , of Fig. H72. 

(r, C, is the flre-chamlier into which the fuel is to bo fed through a 
series of doors at the side. C, 0, are the grate-liars. D is the ash-pit. 
K, K, are vertical tulies through which the water is to circulate. These 
tubes (laiM through suitable heails F, F. The case or body of the lioiler 
that contains the tuU-s is represented as rectangular; but Montgomery 
somctiim^s nmdc it cylindrical, and varied its form in other ways. The 





fire-chamber is surrounded by a watcr-spacc f», O, which Is continued on the sides of the con- 
taining case of the vertical tubes. H, H, is the stcam-chamber : I, I, the water-line; J, J, ^at 
Mrtion of the Ixiiler that is below the lower tube-head ; and K, K, the bottom of the boiler. 
This bottom is nuule convex outwards, and may be either spherical or conical ; and as the heat 
from the fire does not act on this Ixittom, the water coDtsined lietwecn’it and the lower tube-bead 
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will be in a state of comparatire quleaeenoo, in oonaequcnee of whioh the sodiraentnrv matter, 
from which iDcmstationa are ordinariljr formed on the bottoma and other partn of (loiJers. will 
settle down in a looee una^Kr^gattHl state. By means of a tube L, and a cock M, or by the aid of 
an ordinary valvo, the accumulated setlimcni may at any time be blown oflf without occasioning 
any considerable waste of water. 


873 . 



The flame or heat from the flre-chamber is directed^ first, against the upper ends of the 
vertical tubes, and then upon their lower ends ; and to efiect this I place a partition or dia- 
phragm X, y, so as to divide the larger portion of the chamber containing the tubes into two 
parts, an upper and lower chamber. This will direct the draught, as indicated by the Arrows, 
first into the s|)ace above the diaphragm, around which it will pass to the cham^r below the 
diaphragm, thence into the fliie-spaec O, O, below the ash-pit, and thence to tho e.himney P. 
The iutrodnctiuQ of this diaphragm-plato is an im]>ortaut feature, and first introduced by Mont- 
gomery. 

Q, Q, Fig. 872, is a shield, oonsbting of a plate of metal placed below the boiler-head at such 
distance therefrom as to allow of a steam passage Itetwoen the two; its diameter is somewhat less 
t^n that of the boiler-bead, so as to allow the steam from the steam-rhaml»er to pass into it 
whilst it completely covers the upper ends of the vertical tubes. By this arrangement of the 
shield the steam is drawn equally rmm all parts of the circumference of the holler ; the foaming 
of the water when the pressure is taken off by tho admittance of steam into tho cylinder will also 
be in great measure preveuted. R, R, is the steam-pipe leading from the middlo of the boiler- 
head to the engine. 

Montgomery adds: — “The producing of a (Vee and cootinnoos circulation of the water in a 
boiler has been fre<]uently attempted, hut has not Wen. as I am well assnred, hitherto attained ; 
but by my plan of arranging the respective parts of the boiler in such way as that its bottom shall 
not be subjected to the direct action of heat, and of introducing it laterally among the vertical 
tubes at their upper ends, I not only secure the ready depositing of the sediment as stated, but 
effect a rapid and decided circulation, which prevents all ineruslstion on the interior of the tubes 
and at the bottom of the boiler, and also augments the nuantity of steam {raneratod. I hare 
represented the diaphragm as situated at about one-third or the height of the boiler from its top, 
but it may be pla<^ near its middle, or lower down if preferred, the fire-chamber also being 
depressetl to accord therewith.'* 

The fire is to be ignited at tho part nearest to the boiler, and successively through tho doors 
more and more distant from it, the object of which is always to keep a clear fire towards the 
boiler, the fireman moving the fuel which has ceased to give out smoke gradiully forward, and 
giving the new supply at a distant door, so as to cause the smoke to pass over a clear fire, by which 
means it will be completely burnt, the unavoidable leaking in of atmospheric air being sufficient 
to produce that result : an additional supply may, however, be given should it be found necessart. 
W, W, Fig. 872, is a waste>sieam pipe leading from the ordinary safety-valve into the ash-pit £). 
This pipe will conduct tho steam that escapes through the vulve, wbetlicr in small or large 
ouantities, into said ash-pit: and when the quantity is large from tho effect of too great pressure, 
the steam will have the effect of damping the fire, and thus of regulating the pressure. 

Montgomery also introduced a peculiar method of applying expanding-rods to boilers, for the 
purpose of preventing explosions by damping tho fire before the point of danger was reached. 

One form of this arrangement is shown in Fig. 873. s, «, is a rod which is made fast to the 
front furnace-plate, as at t. It passes through suitable stays to prevent its bending, is j'ointed at 
its rear end to a rod a, and this at its opposite end is joint^ to a rod e, c, that passes to the front 
of the boiler ; w is a rod that pSMses from the rod «*, through a stufling-box x, and is made fast to 
an immovable bulkhead at y ; the rod w consequently remains stationary ; the expansion of the 
boiler and rod by beat will therefore have the enect of causing the boiler to slide bMk on the rod 
w, and will cause the rod w to force ilie rod c, t, forward. The rod o, e, peases through a stuffing- 
box at a' on the front of the boiler, and its end bean against a rod 6*, which is attached by a Joint- 
pin to a short arm or stud 

In the vertical section. Fig. 672, the lever is seen as acting against a lover which operates on 
a valve that is oonnected to the steam-pipe R by a ainaller pipe /^. When the expansion-rods 

2 r 2 
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force out the valTe Bteam will dam up the lube and force in a piaton at A . and ^11 close th« 
damper i* by an arranj^cment of l«‘vera, the action of which will be readily under»t<^ on inspec- 
tion, To cause tlie levi*r to return with certainty to it« place when the expansion-bars contra^ 
a weight f is applied to a cortl that passen over a pulley A‘. The front of the fumaoe» it w to ba 
ob§erv«h is to oe so stayed that the whole 
expansion of it and of the boiler shall bo 
towards the back. Montgomery says, “ In- 
stead of carrying the steam from the onlinary 
aafety-valve through the waste-steam pipe 
W, W, as before mentioned!, I sometimes adopt 
the arrangement of admitting a portion thereof 
by the aetion of the expansUm-rods. In this 
case, in addition to the ascending-tube 
that gives a passage to the stiwin that is to 
close the damper i', I allow a tube 3“ to 
scend from the chamber of the valve c* and to 
enter the ash-pit ; the i»orlion of steam that 
descends through this tube will co-operate 
with that which ascends through the tul>e<;* 
in damping the fire. The expansion-bars ore 
to be made of any suitable composition, and 
these, when the boiler is of iron, arc to be en- 
closed in tubea of iron, the expansion of which 
will be the same with that of the boiler; 
when the boiler is of copp*'r, the enclosing- 
tubes must be of that metal. By the encloa- 
ing-tubes the expansion-l»ars are kept from 
the contact of moisture, and all galvanic action 
is thereby prevented. The oiH*rotion of the 
expansioii-r^s, when arranged in the manner 
described, will be such os to ensure the ope- 
rating of the whole amount of their eximnsion 
upon the apporatus by which the damping of 
the fire U to Ih> effecte<l.” 

As an inventor, Montgomery has but few 
eqnala. Wo therefore give another form of 
boiler invented by him aliout 18^9. Tliis 
boiler is shown in Figs. 874, 87-1. 876, 877. 

In part a front elevation. Fig. 874, and in part 
a vertical transvem* section. Fig. 874. The 
|iarts shown in thos(» four figures art' referred 
to bv numbere iustcad of by letters. 

^'ig. 875 is a vertical longitudinal section ; 

Fig. 876 is a tranaverso section of the upper 
part of the boiler, exhibiting a modification 
in the form of the crown-plate ; Fig. 877 is a 
longitudinal interior view of a segment of the 
cylindrical portion of the Ixiiler, showing the 
form of passages communicating between 
tho upper and lower |>ortions. 45 represents 
the mmace, and 46 and 47 flties through 
which the products of onmbustion pass to 
tho stack 48 ; 49 is a corrugated plate of e« • i a 

metal, forming tho crown of tho furnace and the floor of the upper water-space; 50 is a bndg^ 
which serves to deflect the products of combustion upward, and receive the heat therefron^ whicn 
is imparted to the l)ody of the water which it contains : 51 are corrugated motalHc mates, 
a series of tubes of oblong, elliptical, circular, or other section, between which the preducts of 
combustion pass, and through which water circulates or flows upward by tho enect of heat, 
facilitate which the said tul»es are formed of increasing diameter towards their upper ends. Ino 
plates arc made of greater thickness at their lower parts to preserve them 
structive effect of the deposit <.*f ashes between them. 52 are the firo-onors, and 53, doors giving 
access to the flues : 54 is a damper which, when open, affords direct communication wtw«n tn© 
furnace and stack to facilitate kindling tho fire. The plates by which the oorni^tod tubes are 
sustained and connected at their ends may be either cast or wrought metal. In the fonnor 
the ends of the tul>es are first upset so as to form flanges, which may be sepamted an<l turned to 
different angles. Tho tubes are then placed in position in a suitable mould, and mown 
run upon their ends so as tn cement the whole firmly together, or form means of connecting them 
as may be desired. In onler to fix the tubes in wrought metal plates, awrtures 
sixe and shape are first formed in the said plates and the tubes inserted therein : the ends o a 
tubes are then somewhat expanded, and thimbles (56) inserted, which form inU'inal sup^rt^ and 
enable the ends of the tubea to be upset or caulked so as to pnKiuce ^uro steam-tight jomU 
between them and the oonnecting-plates (58). If preferred, the thimble may ^ replaced y a 
simple sUy introduced between the oppodte salient portions of the plates near their edges, the 
whole neet of oomigatwl plates forming tho interior water-siiaces is held m position by screw 
bolls (59), which admit of the removal of the whole nest bodily for inspection, clesnsing, or 
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repairs, nod the couuectin^'plate tnav, if de^ired^ bo ooiutructed in aoctiotiM <xmnected in like 
manner 00 at> in facilitato the same end. The corrugations in the metallic plates are advantageous 
in giving strength and hgiditf to the structure, and affording au increased extent of beating- 
surface : and, when placed at right angles to the line of draught, present surfaces against which the 
products of combustion impinge with some force, emd thus temporarily arrest their progress, and 
cause them to part with more of their contained beat. By means of this arrangement a largo 
portion of the heat produced passes immediately into the upper jiart of the water through the 



medium nf the plate (19), and thus effects the genemtiun of steam, the heat evolved by contact 
with the plates or tubes (51) serving to raise the temperature of the water contained betwoco 
them, and to generate an additional amount of steam. When employed for the formation of 
furnace crowns and plates os (49X *ho corrugations are preferred to run transversely of the arch or 
at right angles to its axis, in order to form opposing curvat to aild to the strength and rigidity nf 
the structure, which end is further accomplished by forming the corrugations of greater depth 
towards the centre or crown of the plate than at nr near its sustained edges or ends, as shown in 
Figs. 874 and 87B. 'Hie crown-plate (49) exhibitwl in Fig. 875 preacuts in its longitudinal aectioti 
alternate corrugations of different sizes surmounted by vortical rif^ or laminee (60), which is believed 
to constitute an original form of plate, possessing greater strength in nrojs>rtjon to tlie weight of 
metal than any other known: the ribs (60) also afford facility for tW uttacbmenl of stays or 
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braces (61). In bigli'prevsurc boilers the oomigfttioQs In the plates (51) funiiiit!^ the intcrual 
waU^r-tubcw will al»u Iw rolled of increasing dc-ptli toward the centre to ^vc them additional 
strength. For low-pressure b«»ilcr8 tbo plates (51) are formed with corrugations running 
horizr>nUl]y as well ns vertically, the effect of which is to avoid any injiu^' by contraction and 
expatmion from changes of tem}>craturi\ and also to afford incrt^Mnl bmting-surfaco. In this case 
the tubes are made circular in the general form of their transverse section. 

The operation is as follows: — The producU of combimtion {mss from the fumooe (45) over the 
bridge (M). down the flue (46) to the WAriiRAGM-rLATK (62), bj* which they are deflected hori- 
itontally bidw»-«*n the comigabxl tulws (51) to tlio end of the «anl plate (62), where they desceitil 
and are carrit-d horizontally in the oj)|x>site direction Ix-twecn the lower ends of the tulx?s(51), 
and having thus been made to pari with a large pro{wrtion of their heat, poss tipward tliroiigh tho 
side flues (47) to tho stack (48), their course thnmghont lx*ing imlicapHl by arrows a. By this 
means the plates composing the wah^r-tubes are presen'cd from unequal vertical expansion in 
their front and rear [tortious res[iectively, and the corrugnte«l form of the said plates prevents any 
injurious results from the gn-ater horizontal cxjmnsion of the upper than that of the lower portion. 
Feed-water (sen* arrows 6) is introduced into the lower portion of the boiler through the {>ort (63), 
and in accordance with the laws of mrefactinii by himt a constant circulation is produce^ the 
hottest )>ortion of the water at all times passing to the upper region of the boiler immediately 
above the furnace, at which point the most intense he's! is ira{iorted from tho furnace so as to 
[iroduc<‘ there the chief generation of 8 ^* 0111 , which rises freely in the 8team-s{Mce without pro- 
ducing any Sf‘rious ebullition or disturbanoe of water to cause foaming. In tbe lower region of the 
Uiiler a constant circulation of water occurs up the tubes (51 ) and down the external water-wavs 
(65), any steam generated by contact with Uio upper ends of tho tubes rising, together with tiio 
water witli which it is mingled, through the passage (G6), and ** solid ” wat<‘r descending through 
the exUmal jmssagini (67) to take its place: it will thus lx* scon that the present arrangement 
causr» the steam os fast as formed to rise with the water instead of through it, which results in 
the prevention of foaming and in ki*eping tlie water in close contact witli the heating-surfaces. 
The [tossages (67) conimunicaU- with tho lower region of the boiler by long narrow ports (67*) 
running transversely of the boiler, as shown in Fig. 877, which produce no weakening effect, 
lxv»usi.‘ their combini d diaineU^r longitiidinnlly of the Ixiiler is not gnmter than that of the rivet- 
hoh« necessary for connecting tho ]>lates. In Fig. S75 the damper (54) is shown located at tho 
bottom of the di^emling-fluc (46), in order that when it is o))cntd any aocumiilatiun of ashes may 
1 x 1 dischnrgi'd into the box licni'ath, from whence it is reotlily removable ; the action of this 
dantjHT alho facilitates the kindling of the fire. 

In a pajKir. by Charles Wye Williams, printed in the ‘Trans, of Inst. N. A.,’ on tho 
“Omstruction of Marine Steam Boilers," Williams says that it is highly desirable to raise a 
preliminary question, namely, liow to remlize the greatest rahtrifle effect from tho coal by 
generating the largest amount of heat ; and it is only when this is effected, that we come, 
practically, to the ap|)lication and utilization of tliat heat in tbe boiler, and thus to generating 
the larged quantity of steam. In speaking of the |>ower by which tho engine U made available, 
wo rightly refer to the steam itself. So, when we speak of tho amount of power exercised, we 
refer, praetically, to the quantitv of steam generated. We may here, then, discard the term 
pressurfj so much commented on, tx-causc this, when rightly un<lenjtood, represents but the more 
ifHantity confined within tbe volume of the boiler. On what, then, does this quantity deiiend ? 
not, certainly, on the mere weight of coal ennsunurd. since any wuight may be so misapplied or 
wasted under an incfllcient boiler as to have little effect on the c^uantity of steam generate. In 
tho generation of heat, tbe only ingredients are the fuel and tbo air. Their successful combination 
belongs to the pro(>ortioDs and np]X‘iiduges of the furnace, wholly ajiart from the boiler placed over 
it, the result depending tw»lely on tho p<‘rfection with which that combination is effi*cttMl. Now, 
that eomhinntion, says Williams, is a purely chemical process, and is dHerminetl by tho union of 
due ei]uivnlonts of the air and fuel. The {»erf»'ction of this process, however, be it ever so 
complete, has no fixed relation to the amount of steam generated. To s[xxik, then, in tho fashion 
of the doy, of the evaporative value of any deacrintion of coa/, is at once incorrect, delusive, and 
unmeaning. Strictly H[x^king. there is no such thing as an mt/>orufirc fu/uc in cool, although mo 
can well understand its heat-generating or calorific value. The generation of heat is a wholly 
different thing from its application. The importance of this distinction has yet to be apprcciatetl 
by practical engineers. As the generation of heat is the peculiar province of tho /Mnwee, or 
alembic, in which the combiiutible fuel and the atmospheric oxygen are to l>e combine<I, so the 
generation of sUam is the province of the boiler, and to this latter belongs the degree of perfection 
with which that heat will b<* transmitted to tho water, and steam thus produced. 

We have, then, two distinct {trocesses or o|x>rations to consider: first, tho generation of the 
heat ; and secrmdly, its application, involving tlie iieat-lrnnsferring property of the boiler>plates 
OS the direct cause of the generation of steam. To the confusion wnicn has hitherto prtivaile<l 
in reference to these distinct pr»xwsea may l>e attributed the absence of attention to the propor- 
tions, conditions, and so[iarate functions 01 the furnace and tho boiler. The consequence of this 
confusion is, that a wrong direction continues to be given to the inquiries of even tbo most 
ingenious and practical men. While wo have lx>en endeavouring to asc<‘rtain the relative calorific 
(erroneously callwl tho evaporative) values of different kinds of cool, we should have been am- 
sidering the relative heat-transmitting properties of tho different kinds of lN>ilers. Of this wo 
have a notable instance in the late commission issuetl under the direction of the Admiralty, to 
inquire into tho kind of coal Ixrst suited for stixim-vessels of war, but in which no refertmee 
whatever was matlo to the peculiarities and imperfections of the lx)ilcr employed, and hence tho 
UDsatisfactory character of the results, os will hereafter be shown. On this head we have also a 
report from the late H. Pc la Beche and Lyon Playfair on the so-called “evaporative power and 
value of the North of England and South Wales coal.'* This report assigns to tho latter an 
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cvapomtive value, which U purely theoretical, and altogether erroueooa auJ mi»Ioadiiig. lu it 
Wti detect the grave error of coufounding calorific with ec^ipontiite jiuwer, which are there atwumed 
to be identical. 

In considering the calorific valuo of any doticrijdion of coal, we cannot omit estimating that 
waate of its constituents which goes to the production of smoko, and the deposit of snot, with its 
non-conducting nmperty, but which forms no part in a theoretic oitimate of its calorific properties. 
On this ])oint It. Murray has ofiered some remarks which here demand attention, “llowcvcr 
desirable it may be,” observes Murray, “in other respects, to ‘bum amoke, ’ by admitting air into 
the furnace aUive the Is^ra, this is not always found to be an ernn>muc(U ]>nx'ess.” It is to l>o 
regretted that be has offered no evidence in justification of this statement, which, says Williams, 
1 bold to l>e the very reverse of fact. I can at any time show a boiler in daily work, in which, not 
only the full calorific value of each description of coal may l>e ascertain^, but in which the 
economy of combustion with, and without, siuoke, is iudicaU^d with the greatest certainty. 
Again, Murray in his ]iar>cr ohservea, “ the burning of smoke, as it is called, by artificial metho<ls, 
has not proved very successful in economizing fuel ; but that, by proper firing, and by admitting a 
little air thrt>ugh the doors, black smoke may be prevented from tteing forint, and more economy 
would in that way be realizetl than by using artificial means for bunting the smoke.” In 
making these assertions, Murray should liave supplied some information as to what he means by 
the tenn “artificial;” what it is that he characterizes as “proper firing;” and what is im-ant by 
“a little air.” Murray. nbtH^rv'od WilliamK, must have b^n looking at some of the scores of 
patents, ingeniously varied and olaboratod as mere commercial s{>erulationB, for effecting, by 
costly apparatus, the “burning of smoke;” aud which may truly be called “artificial,” including 
the most abaunl of all, the lieating of the air. Ihit if he will refer to the Newcastle experiments 
he will find, not only that smoko may bo prevented, but that a considerable economy may at 
the same time be uniformly realize<l. As to the term artificial, if that be applied to the method 
of introducing atmospheric air, in dividid streams, into the furnace, a system which — in continua- 
tion Williams goes on to say — I have employed for many years with vi>ry groat advantage, I can 
only say that Murray mav with equal propriety characterize as artificial the method of allowing 
water to issue through the i>erforationH in the rose of tlie common watering-pot, instead of its 
piling in an undivided stream, as when the mae is removed. This action of the roso is identical 
with the mtsle recommended f»r bringing the nir, in divided {tnrtions, to the gas in t)ie furnace, 
for the purpose of a more rapid intermixture. As to a<lmitting a little air, it would app<uir that 
the author alludes to the common practice among stokers of ojtening the doors to a small extent. 
It ought to l>o remembered, however — what every chemical authority states — timt the 10,000 
cub. ft. of gas generabsl fmm a bm of Newcastle cv)al, al«»olutely re<piire for their combustion no 
leas than 100,000 cub, ft. of ntmosphoric air, and practically, as Daniel ol)»i‘n'e<l, rciiuire fuUy 
double that (|uantity for the oniinary working of a furnace; and this independently of tne‘200,00f) 
cub. ft. required for the coke or fixoil |w>rtion of the same ton weight, aud which mnst pass up 
from the ash-pit. The following proof of inattention to those large (quantities may here be men- 
tioned. In a large steamer with great power, a difficulty was experienced in raising the mquirod 
(quantity of steam, aud the continued discharge of the den.^t smoke (where the engineer had 
undertaken that there should be noft^) cause<l great annoyance. The remedy adopted was the 
passing of use of <As 2)-in. tuhfs through the smoke-box into the stoke-mom, and thus allowing 
the air to pass through it to the gases before entering the tub«‘S ! It need only l>o observed that 
it had no more efl^ect than if the nozzle of a common hand-bellows had boon applied. To speak, 
then, of allowing a little air to enter by the doors, seems likely to mislead, where such largo 
quantities of air are clieraically essential to the proctfas. Williams further asks, Where else, tlien, 
above the fuel, that is, in the chamber of the furnace (as in the retorts in the gas-works), can the 
oombuatible gas l>e met with, or where else can this cnnrtnous (quantity of air l)o rciquirwi to effect 
the necessary union aiul combustion, without which the full calorific and economic valno of the 
coal cannot realized? 

In great oi>eralinus like tho4#e, there can l>c no a^lvantago in neglecting or counteraeting the 
demands of nature, nr in checking the operation of nature's laws. All admit that gas is generated 
from crml, on its being heated ; that atmospheric air is essential for the (Combustion of that gas, and 
that the two must 1)0 intermixed for chemical combustion ; yet we riolently interfero by allowing 
neither time nor space for these operations, and in most cases abenlntely prohibit the introduction 
of any air at all. by the interposition of closely-fitting doors ! What, then, can weexqx'ct but imq>er- 
fection in the process and the most unsatisfactory results ! Is it not, in truth, worse than stupidity 
or folly to neglect tho conditions and means by which alone the constituents of the fuel can bo 
enabled to unite, and CY^mbustion be effected, or tho full calorific value of Ute (xmI be realized ? 

On one rs^casion which camo within my own notice, and where tho door-plate box had boon 
fitted with the proper numU^r of orifices, the engineer nhaerved that my own plan had lK>en adoptwl. 
In reply, 1 asked if he had ascertained that any, oven tho smalleet quantity of air had pasM'd in 
through the 300 |-in. orifices. The orifices wero duly provided, and it was assumed, as a inatU^r 
of course, that tho air would enter through them. On investigation, however, it was found that 
no air whatever had passed inwanl.s through thoae holes. The fumare-hars being 7 ft. long, and 
the chamber so shallow that the fuel actually touched the crown of tho furnace, the back ends of 
the bars were noct^ssarily un(V)verod, and the volume of air which there entenvl was so great that tho 
spaoo over the bridge was insufficient for its passage, and consequently, instead of any air fmasing 
inwards through tho perforated door-plate, much of tho air and qirnducts of combustion (the fiamo 
included) actually went the wrong way, retumiog, and forcing the fiame against the door-plate, 
and outwards through the botes, so as to destroy ihc door, producing what is known by tho term 
“ back-draught.” 

Williams, in oonlimting this arpiment, remarks that Murrav has stated that net only is 
economy not offevtod by acImiUing air into the furnace above the burs, but “constderublc vuution 
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iM utH.’u8Hary for Uie duv ri^iUatiou of tUe quantity of air thus admitted through the flitMloon.’* 
To tlieee tfiaWmeiiU^ «ays WilliaiuH. 1 can in no way aaaeut. The following proofii may at any 
time b« teated by Murray in my own furnace and boiler, which are freely U5^ oy the ooal-ownera 
of Lnucadbire and other oouutien for testing the calorific valuoa of their aoTcral coals, as before 
ithowu. Throughout the following experimeoU the same coal was used. In No. 1, the air waa 
freely admitted tlirough 342 |-in. Imlee in the door-lmx, as was dune at Newcastle, no caution 
whatever being necessary. In No. 2, these orifices were closed, and the door was the oidinary uua 
as generally luwxl. 


No. 1 
No. 2 

With reference to the absence of economy rtn the one liand, and the ** considerable caution '* 
required on the other, I hero quote, in further opposition to both assertions, tho words of the three 
professional umpires at Newcastle — Armstrong, Hichanlsou, and Loogridge— on the point of 
admitting the air at thedoor^nd of the furnaces. In their publisbid re|x>rlH they say, as to steam 
generated, ^ there was a largo increase above the standard in every respect.” Again, **Tho pro* 
veutioD of smoke was, we nu»y nay, ]>ractically ])crfect.'* Again, **No particulu attention waa 
ru^utrod from the stoker ; in this respect, tho sysU-m leaves nothing to desire.” 

The results show a large ineroase above the standard in every respect. TUe prevention of 
smoke was, we may say, practically perfect, whether the fuel burned was 15 lbs. or 27 lbs. per 
sq. ft. )>er hour. Indeed, iu one experiment we burned the extraordinary quantity of 37^ Ibe. of 
coal per sq. ft. per hour upon a grate of 15( wp ft., giving a rate of evaporation of 5^ cub. ft. of 
water per hour pt>r sq. ft. «t‘ firevgrate, without producing smoke. No jsirticular attention waa 
requirtxl from the stoker ; in fact, in this respect the system leaves nothing to desire, and the actual 
labonr is even less than that of the ordinary imjdc of firing.’* — Hepot-t on WiUunin's 

" Mr. W’illiums’s system is applicable to all di'M'riptions of marine boilers, and its extreme sim> 
plicity is a great point in its favour." — Hej/uri of Arm»ir>fng^ A'i/Aordson, and Lonijridgf. 

In further cormboratum of those returns, w*e have also the authoritv of the two professional 
gentlemen. Miller and Tapliii, deputed l^ the Admiralty to ro|x>rt on evaporative power and 
economic value of the Hartley coal and Welsh steam*ooal." In their report they state that they 
insi)ccted a modification of niy plan for the admission of air into the furnace, and found the pre- 
vention of smoke to be almost }>erfect. Also, that on the 3rd of August they lns|M'cted the apparatus 
ill the * Expert,’ steam-tug, and, ^ as they were on hoard for several hours, they had every oppor- 
tunity of seeing the eflfeot of making and preventing smoko : and although tliere was uo very careful 
stoking, yet the prevention of smoke was 'T/n*r*.^f in i tWt” 

Having explained the nc'cessity of consiileriug the calorific or heab-genemting property of the * 
I'oal, apart from the steam-generative property of the boiler, W'illiains next examines the Utter in 
reference to its heai-nlxtrbing thciilty. 

In ctaning to consider more closely the heating-hurface of the tubular system, Wye Williams 
iilsM-rvcd, 1 would first insist upon the importance of iiu'rensiiig the efticienoy, mtlier than the 
mere gross ntta^ of such surface. This shouhl W the first coDsideratUm. The area of surface in 
Ihe iKiilcrs of the present iUy is already griater than would be necessary were it more efticieut as 
a heat-tran»mitter. Nmuerous instances indci'd 
might here Is? given of a v»*ry large retluctioii <»f 
tho surface having Ixu made hy the removal of 
iixany tul«es without any oupreciable n'sult. 1 have 
even known h<»ilcrs to be* impn>veil by having 
several tiiU>s removed and tho tuUvpUto |mU'hi^ 
over tho places from which they were taken out. 

'riic acoomiNinying drawing. Fig. 378, of the face- 
jdate of tW Uolybeml steamer, tho * Anglia.’ 
illustraU‘8 a case this kind. The question of 
efficiency, tut (MlltrHst*^l with mere area of heating- 
surface, is by far tin; most uu)tortant, although, 
strange to say, it is the in«iet neglected. In this 
direction alone may wo ex|jeet the greatest mea- 
sure of improvement of which boilers are sinwepti- 
hie. Tlio evil of an insufficiency of steam, not- 
wiUistandiiig an ample area of MX-alied heating- 
Mirfaet', at <niix' raiw's the question as b> the 
demerits of tho tubular .■<y«h-ni. The prevailing 
type of modem lioUers. whether for railroads or h>r 
^t*am navigation, is chHmcU>rize<l os tho muUitu- 
Imlar boiler. In tho multitubulHr system the healed prfKlucts {uph from the furnaw through a 
wrics of metallic tubes, varying from ii to 10 ft. in length, and fit.rn to 3 in. in dismeter. 1‘ho 
avow<d object of this sulHlivision is to increase the aggregate of surface which tho heat is 
applied. This syf»t«m ol subdivision of the hcnt<sl matter is, however, prejudicial both in a 
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chemical and mechanical pouit uf view, by attenuating ite eflet't. 'rhia typo of boiler being 
now MO genurul, an inquiry into ita origin ia not only neciiiwary in explanation of iU adoption, 
but a« a uiL'ana of tracing and correcting the error into which we have fallen. 

The tubular aystem waa Aral aitoptcd by IK^orge Stephenmjti in the locomotive, the * Kocket,' 
by which, in 1K30. hi« won the prixe of 50U/. on the Mancni>Hter and Liverpool Railway. The uae 
of tubea in the * Rocket,* at the suggestion of Henry Booth, the treasurer and most influential 
member of the com{Mny, was then nccom{Muiie<l, anJ for the ^rti tiW, bt it o6«crroi, with the 
passing of the wasW stcAiu from the cylinders through the chimney. The result of this combina> 
tion of tubes and artificial draught was so successful and so unexpected as at to be oonsidered 
coiK'Iujiive, and io leave no room for doubt or inquiry. The ste«ra*jet in the chimney created, in 
fact, so {lowerful a draught as to secure an adequate combustion of the fuel, with the generation 
ctf a corrraponding sufticieiicy of heat, while the tubes, by reason of the large surface they pro- 
s<-ntcd, were gissumed to supply the other desideratum — the applimtion of that heat in the 
generation of steam. Had, however, the two principles been separately applied and examined^ 
and estimated acwrdiiig to their r*;lative and resjiective merits — which iKtver was done— it would 
have been found that nearly the whole of the favourable result obtained was really owing to the 
steam chimneyqet, ami the |K>werful drauglit it occasioned. The value of the combined action 
of the pit and of the tubes, however, was taken fur granted, and has since been oonsidered the 
perfection of efliciency. , 

The value of the steamget, and of the increased draught it occasions in looomotivea, has boon 
too Well established to require any remarks; 1 will (continues Williams) therefore conflne myself 
to the use of the tuhrs. It is manifest that the main difficulty under which engineers labour, as 
regards marine boilers, consists in providing atle<|uate beat-transmitting surface. This difficulty 
early suggested itself to the elder {Stephenson, ^mill's, in bis biography, tells us tliat his 
son, the late lamented Robert Stephenson, observed, ** Other engines with a variety of construc- 
tions were made, all having in view the increase of the heating-surface, as it became obvious to 
my father that the speed of the engine could not bo increased without increasing the evaporative 
power of the boiler.’' Tliis inference was strictly correct ; his error (hitherto unexamined and 
uncorn>cted) lay in the hasty and iuconsnlerately-formnl assumption that an increase in the 
evaporative or steam-generative power would ni'cessarily be secured by an increase in the tubular 
surface. This error, therefore, naturally led him to an extension, not only of the number of tho 
tubes, but to give them the length of even 13 ft. So fully was Robert Stephenson impressed with 
the idea, that he observed, “The power of generating steam was prodigiously increased by the 
addition of the multitubular system.” Tbat this inference was erroneous, is clear from the fact 
that tho * Rocket ’ liad but twenty-five tubes of 3 in. in diameter and 6 ft. long, and the entire 
tubular surface had but tho insignificant aggregate of 117i sq. ft. — an amount of surface which 
would excite the smile of rmslem engineers at the idt>a of its “prodigiously incri'asing” the 
generation of steam. The insufficiency of so small an amount of sorfacc to produce any notice- 
able effect was subsequently demonstrated by the fact that in the Newcastle Imiler (to w^ch was 
applied the apparatus to which the prize of 500/. was awarded) an addition of forty tubes with a 
surface of 320 sq. ft., and placed under the moot favnumble circumstances for transmitting heat, 
had but little effect, and could only extract 45^ out of 000° — the temperature of the heat^ pro- 
ducts passing through tho tulies. “The heater, which was used for the puru^ of heating the 
feed-water, slightly increased the evaporative effect by its additional amorbing surface. This 
increase was, however, much less than might have been expected from the large oWjrbing surface 
of the biAter, which contained 3*20 sq. ft. ; yet it was found that, when the products of combustion 
before entering the heater were at 600\ the passage through it did not reduce the temperature 
more tlian 40° to 50 ^.” — Report of Arm$tron>j, RichunlMm, orul Lon'jridye. It seems strange that 
this fact, so stiggcsttve, and so prominently noticed and recorded, did not lead to further inquiry 
ns to the cause of the manifest insufficiency of the heat-transmitting |)owcr of the tubular surface ; 
nevertheless, this conMnation of the tui>e-surfno(‘ system with the jet remains still unquestioned. 
“The superiority of the arrangement adopbd in the * Rocket,*” olsyerves Bmileo, “consisted 
in the rapidity of combustion in the fire-box ket^ping {jace with the rapidity uf motion in the loco- 
motive itself; for, act^irdingas the stitikcs of the piston in the cylinder were fast or slow, ao were 
also the jets of steam thrown into tho chimney on which depended the draught of heated air 
through the tubes of the boiler, and cunsutiueiiUy ** (a manifest non-sequitur) “ Ote amount of steam 
generated from the toater exposed to the iaiye extent of hetiiino-snrfnct which they presented.” Here 
we see no indication of doubt ns to tho action of the tubular surface, which U set down as the un- 
qucstionid source of the geuerattd sU-nm. The trial with the 'Rot'ket* took place in 1S30, and 
tne supposed steam-generating value of tube-surface remains unquestioned to this day. 

“ It was not until some years after, when the tubular system was introduced into marind 
boilers, tbat I,” adds Wye Williams, “l>egan to entertain anv doubts os to its merits. Aware of 
some experiments having been made on the Manchester aniT Liverpool Railway, I applied early 
ill 1858 to Dewrance, then chief engineer to that railway, and here give bU reply to my Inquiry. 
Ho said; — *In reply to y«mr inquiries as to the experiments made by myself and Wotds, about 
the year 1842, as to the evaporative effect of the tube portion of a locomotive lioiler, I have to say 
that we had one of the boilers employed on the Liverpool and Manchester line divided, so as to 
separate tho water in the Uthuiitr portion of tho boiler from that in connection with the fire-box 
portion. In a subsequent experiment, I divided a small lioiler into six different compartments, so 
that I could ascertain the weight of water evaporated in each. The first compartment was but 
8 in. lt»ng, tho ix*iuainii»g five were each 12 in.— the tubes being 6 ft. 6 in. long. The result was, 
that each square foot of the heat-abaorhrng surface in tho first compartment was almut equal to a 
sipiare font of the fire-box surface. In tho second compartment each s(|UAre foot of tubular surface 
was estimatod at about ono-third of that value ; but in the remaining four compartments the 
evaporation was so small as to raise a doubt on my mind whether it had any value at all. In fact, 
I came to the conclusion that the fi in. of the tubular series had more evaporative effect than 



442 


BOILEB. 


the remaining GO in.* Here wa« ample encouragement for fniiber inquiry, the heat^transmitting 
property of the tubular Hurfaco being so serioualy impugned. A similar experiment bad lieen 
made by the late Ikmjamin Hick, of ^Iton, a com* 
petent and able experimenter. The c^mclmiion that 
DA came to waa, that each 10 ft of tulKssurface bad 
only the beat-transmitting power of 1 ft. of fumaoe> 

•urfaco. My own experience goea far in oorrobora- 
tioQ of these data, as will presently be seen.** 

To exemplify tbesn facts, Williams hod a boiler 
so oonstrucUKl that the beat-transmitting value of 
each lineal fiM>t of ttil>e should be imlicatcd with 
absolute certainty. The tul>e was S| in. diameter, 
similar to those in the 'Eblana* steamer. It was 
5 ft. long, and divided into six compartments or 
aeparate TOilers, as shown in the annexed engra- 
ving. Observing that the boiling, which was violent, always appeared to come exclusively 
from the end next the plate in which the tubes were inserted, the first compartment was confined 
to a nn^e inch of the tube, the second to 10 in., and the remaining four compartments, each to 
12 in. The following is the result after three hours : — 


Flrut Commrt- 
nmt, of I Incti, 
evsporated. 

Second, of 
10 iacbea 

1 

TWrd. of 
12 iUCbCA. 

Fourth, of 1 
IXliKlua. 

Firth, of 1 

12 iiK'hea | 

Sixth, of 
12 incbM. 1 

1 

Iba 

2 11 

Ibt. OI. 

2 15 

lb. ot. 

1 14 

lb. c«. 
1 6 

lb. 1 

1 2 

lb. os. 
1 1 


Here wo see the first single inch of the tube evaporated nearly as much as the adjoiuing 10 in., 
while the first 11 in. did more than the romaiuing 48 in. 

Desiring to piece this beyond all question, and thinking that objection miglit lie made to the 
results obtaitieil from a singlo-tubii Uiller, Williams subsequently had a lioiler constmcte<l with 
twenty-five tubes — the exact nuuibor of the ‘Ilocket’ boiler — 0 ft. long, and 24 in. intcnial diameter. 
This cioiler he divide*! into three conipartmcnts, by wab^r-tiglit fiartitions placard 1 ft. fn>m either 
end, thus leaving a coatml compartment 4 ft. long. Having connected this Imiler with a suitable 
furnace, he found that tlic water in the first com|iartmetit, which received all the heat transmitted 
through the tube-plate, lioiknl in twenty-three minutes from the time of lighting the fires ; that in 
the second crmmrtment it took forty-eight minutes to boil : and that in the last compartment it did 
not boil until nfty-nine minutes liad elapsed. During three hours of uniform firing, tlio follnwitig 
results were obtained. In the first coinjmrtment, a foot long, 240 lbs. of water were evaporated ; 
in the second compartment an average of only 70 lbs. of water for each foot of length was 
evapriiate*! ; and In the last comjiartment, a foot long, only 50 lbs. of water were evaporatol. 

Having thus established the fact of the grt-at evaporative efficiency of the first com{iartment 
of the tube, and especially of the first inch, in length, I’Ractjcallv that or tuk rAcE-pLATK, 
and the comfiorativo inefficiency of the remaining 5 ft., it became necessary to examino 
the cause of this extraordinary result, to find out how it bapiicncd that a stream of heatfvi 
products at a temperature above GCHT pasMiug ctintinuously for tnree hours through the tube, was 
incapable of transmitting more beat to the last 12 io. of Us length than could keep the tem|>e- 
rature of the water at 180^ In the fact that it was so, wo at once see the inutility of increHsiug 
the length of the tube. l>ct us first examine the area of heating-surface in a few vokscIs of tho 
largest class. The published authoritative account of tiio American iron-clad floating battery, by 
Mr. Stevens, gives the following details: — 


IT. 

Tubo-surfoco 23,380 

Pnmacos 2,050 

Connexions 1,890 

Tube-sheets 680 


Total 28,000 


Here the gross area of tube-surface is estimated in the same category with that of the fumace- 
surfaoe. Kow, in taking the true value of tube-surface as state*! by Dewrance, or Hick, these 
nominal 23,800 S(|. ft. wuuld be at once reduced to 2380 : and this most probably is not far from 
the truUi. Again, take the tubc-sarface of the late limners boilers m the ‘Great Kastem* 
(which are constructed on the same principle as the original boilers of H.M.8. ^Terrible’) for each 
set of twenty-four furnaces (there being 1 12 in all) at 6000, and of fumace-plate at 3000 sq. ft. — 
say 28,000 ft. of tube-surface in all — and then see what a serious, though unsuspeetetl reduction 
should bo mode in re*lucing those 28,000 ft. nominal, to efli<ctive heat-transmitting surface. 
Under such circumstances we cannot doubt the imperious ncccasitv of the furoaco-forcing systein. 
Again, let us ojiamine the tube and furnace surface of one the ilolyhead st«am-{iackeU of 750 
nominal horse-power : — 

Tubfrsurface in eight boilers, with 40 furnaces, In square feet .. .. 15,600 


Furnace ditto • .. 1,5X>0 

HaeJe, aide, and top of uptake 1,108 

Tube-platM between the tubes 316 

Totol 18,984 
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We here sec again how much larger in proportion U this nominal /u^>surface than that of tho 
/t(rM<4tr, and how much more curious U any default in iU efficioucy, there being in this caae 20} 
supi^rflciHl feet of tube-surface {ler nominal horse-power. In these boilers the tubes arc U ft. 2 in. 
long, and but 2^ in. diameter. 

Again, we have the irou-clad Bteam-vessel, the ‘Warrior,’ the trpe of whose iMtilcrit, according 
to the publisho«l accounts, Is ideutical with that of the Holyhea4f steam-packets, but with both 
tubes and grate-bars G in. longer. In this vessel there are no lees than 44U0 brass tubes of 6 ft. 
6 in. long by 2^ in. inside diameter. In the new war-vessel, the * Octavia,’ we have the sanio 
identical type of boiler, and excess of tutn>-mirface. 

In op)xtoitioii to all this, Williams stated that in one of tho most efficient boilers, as regards tiie 
sufficiency’ of steam, in the tleet of tho City of Dublin Comisiny, the tuln* are but 5i ft. long, and 
the relative proportion of tube-surface to flue-surface is but as 2A to the nominal horse- 
p4>wer. 'I'he contrast is most remarkable. The merit of that boiler dountless arises from the 
circumstance, that tho shortueas of the tubes leaves a large chaml>er for the combustion of tho 
gases to complete itself in before tbo pnalucts approach tlie tiilxvt. 

Now, how are we to account for the fact that the several designers of the boilers l>efon‘ spoken 
of have adopted almost identically the same descriptiem of boiler, with the same objectionable 
features ? At first sight, it would appear that all had been convincetl of its practical superioritv. 
This would be a reasonable inference had it been tbo result of well-established experience. >fo 
experiments, however, having beun made for testing the beat-transmitting power of tube-surface, 
a()aTt from other considerations, wo have no alU’niative but that of attributing this singular 
coincidence to tho desire of avoiding that responsibility which would attach to any great deviatiou 
from existing practice. Here, however, we have, in all, tho same objectionable length of furnace- 
grates — the same absence of all means of admitting air to the generated gases — the same want of 
sfiace between the fuel and the tulx^faco plates — and the same absence of a combustion-chamber, 
although all improved locomotive engineers are studious in providing such means of promoting 
the use of coal on the railmads. 

Tho groat error into which we have fallen, in the absence of experiment, is an oTcr-cstimation 
of the heat-transmitting property of tho tidx'-surface. In our calculation of the steam-generative 
power of the boiler, wc assume it to be always proportional to tlie number of square feet of the 
surface ex|iOMed. Now, this calculation is made without reference either to tho rapidity writh 
which the current of heated products j>asso8 thit>ugh the tulnm — to the diminishing rate at which 
tlie tubes transmit heat in jimportinn to their length— or, worst of all, to the dirtvtion in which 
theac products strike or iiupingo upon the tube-surface. If it were tnie that each square foot of 
metallic surface really {Hsu»eM{M.d a given or known amount of heat absorbing and transmitting 
power, whatever that might be, an increased number of square feet would necessarily represent a 
commensurate increase of the steam-generative (wiwer. The real value of the so-called heating- 
surface, however, de^x-nds on so many contingcnciea, that calculations based on the mero gross 
area of surface expcsied must bo utterly valueless. We have here, then, the important question 
raised, — What value are we to attribute to such surfaces? The single fact of the very high 
temperature of the escaping products in the chimneys of marine boilers, is alone conclusive of tho 
defleient heat-transmitting faeuUy of the surface of the tubes. Our purpose, then, should be, not 
to increase tho uumlxr or length of the tubes, or the sum of their surface-areas; but to render 
these surfaces more effective as heat-transmitterH. In manifest neglect of this purpose, we find in 
tho boilers of the most recent construction, snd even in war-vessels, the greatest possible number 
of tubes, and of tho greatest length, crowded together without ri’gard even to the water-spaces 
l>etweeii them, which are often restricted to but nalf-an-inch. Tho result is, that in the absence 
of sufiicient water-spaces, particularly at the end where the heat first strikes the faco-platc, the 
tube-ends are C'X|xu^ to the greatest heat, and they aorm V»egiu to weep; tho face-plate itself 
begins to crack, and the 8|iace where tho water should have the freest circulation becomes choked 
up with the solid matter of incrustation, l^aniples of this matter here exhibited afford sufficient 
proof of the fact. 

Wye Williams remarks that, in a recent publication, we arc told that “ marine boilers r^uire 
5 sq. ft. of lieatiug-surface, and onc-fifth of a s(|uare foot of fire-grate surface for every indicatod 
horse-power.” Hero is a calculation siuqKised hi be basod upr»i some reliable data; we shall see, 
however, that all such calculations are but us the ^baseless fabric of a vision.” It may be asked, 
indeed, if the writer had ever inquired what the value of a Bt|uare foot of heating-surface, or of 
fire-grate surfoco, really was? Yet, from the affectwl precision of the author in other respects, 
we might be led to suppose that both had Iwn reduced to some standard, or in fact were constants. 
Nothing, however, can practically be more vague and misleading. Tho value of a M]uare foot of 
fire-yruic surface, for instance, will depend : first, on the nature of the coal as bituminous or 
otherwise ; second, on tho quantity of gas it produces ; and third, on the amount of draught 
liassiag through the furnace from the ash-pit. On the other limnd, the value of a square foot 
of A«ra<m^-surface will diqnmd mainly on tlie direction in which the cnrreiil of heated products 
ubtains contact with the mctallio surface. This last, though the main element of success, yet, 
strwuge to say, is the very one which is not only overlooked, but abeolntcly ignored in all modem 
|>racUce. 

Of the practical errors committed in the mode of estimating the steam-generative value of 
the tube-surfaces, we have an instance in a recent ntibltcalion professing to give tlie results of tbo 
most improved systems, where it is stated, as a leauing principle, that direct impact writh the heat- 
absorbing surfaces should bo aroitUd. That this is a prevailing error is confirmed by Riibert 
Hurray, who, in one of his publications, has laid it down as a principle, that **eibfnrs art to be 
avQuieti in other words, that the current of heated matter passing through flues or tubes should 
not be broken, bent, or interrupted, or the straight line of their ennrae disturbed. Now, said 
Williams, in the paper from which this extract is taken, 1 am prepared to prove, on the contrary, 
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that the direct reverse of this mstructioD is essential to success ; and upon this I iusuii If the 
aathor had said, that the direct impact of Hamr should be avoided, with the view of preventing 
the formation of smoke and soot, he would have stated a correct chemical fact. Direct impact 
of the heated products, afttr the combustion of tho carbon of ilio flame, is, however, precisely 
what should be promoted. Practically, it will be shown that the absence of direct im|iact is the 
main source of inefficiency of modem tubular boilers, and the cause of that great escape of heat 
by which the uptake and chimneys of marine boilers are so ovcr-hcated and destroyed. And in 
this rcsiicct, I hesitate not to say that the multitubular system is largely and radically deficient 
in the neat-transmitting faculty. Tho main point, then, for oonsidoration is, how to make any 
given surface more cfiectivc ns a heaMranemittcr, and whet are the conditions on which tlie 
transmission of heat depends. This, caUrit parih\i$^ as regards the rate of current of the heated 
products, will dci>end on the direction in which those products aro brought into contact with the 
plate or tube-surface — whether by a dircci, diwjvnal, or paralM action. On this point it may bo 
stated, as the result of actual obscr\*ation and experiment, that a square foot of surface on wLich 
the heated current strikes with a direct impact (that is, at right angles to the surface) will bo 
equal to 4 ft. where the direction is diagonal, and to double that where the current runs parallel, 
or in the same piano as the metallic surface. In estimating the action of a heated current 
passing through tubes, we ordinarily overlook the fact that gaseou.s matter (that is, the products 
after oombustionX wliatever may bo its temperature, radiates but little, if any, heat. Kadiation 
can alone proceed from srilid matter. It is this which enables visible flame to radiate so jjower- 
fully ; visible flame being mert‘ly an aggrt^gato of myriads of solid carbon atoms, still unconsumed, 
and at a white heat, or, as (^sUmate(l by Davy, at 3000^. Kow, the products of flame, after 
combustion, and when passing through the tubes, ar<‘ tmnspareiit, and transmit little or no beat 
by r^iation. It is by their contact alone with the metallic surface that heat is oommunicated 
and transmitted. 

Again ; tlmt but little heat is transmitted when smoke is formed in a flue or tube, Williams 
goes on to sny, I have repeatedly proved, by the introduction, through tho smoke-box, and into the 
tubes, of an iron rod, to the end of which were attached pieces of paper and sliavings. After 
remaining some time, they have been withdrawn, yet, although their (MtsUUi have been covered 
with bla<dc soot, their ins*de$ have not even been dUcolouretl bv heat. When, therefore, we see a 
volume of smoke issuing from the chimney, we nwy be assun>() tliat the tiibf^ aro full of it, and 
that the temperature within them is not much greater than the hand could hear. 

Let us now suppose a column of heated products entering and passing through a tube, as a 
cylindrical shot does through a cannon. Ckmtoct is then alone obtained between the outside sec- 
tion of such odumn and the metallic surface. This section having given out ns much heat as 
possible in the fraction of a second (the time which its transit occupies^ the interior portion of 
such column passes onwards undisturbed, carrying its initial U-mperature to the exit. In no 
other way can we account for a oolumu of products above 000’ of temperature, passing continuously, 
and for hours, through and along the interior surface of a tube, and yet giving out no more heat 
than can keep Uio water at 180^. 

Let Fig. 880 represent a longitudinal section. Fig. 881 a cross-soetioti at the entrance, and 
Fig. 882 a similar section at the exit of a tube. The several lines are here suppoee<l to represent 
the sections or strata of tho heated products jiassing through it, entering at a temjieraturo of TOO’, 
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and issuing at 540^. In tliis oos»\ tlie out*’r seotinn, being next, and in contact with, the irou-tubo 
surface, will give out beat, and be reduced, say to 30(r, on arriving at the end of the tube. But 
what is to cause any interchange of position betwc<m it and the other strata ? 

To sum up tho objectionable features of the tubular system — as exhibited, for exomjdc, in tho 
accompanying diagram. Fig. 883. which represents a Ixuler of the modem type, as fitted in a largo 
packet belonging to the City of Dublin Htmm Packet Company — they consist: 1st. ^ an extreme 
length of firebar surface, often omounting to above 7 ft., a length which absolutely precludes tlie 
poBsibilitv of a stoker keeping the hack-end sufficiently covered by fuel. 2nd. In long shallow 
fumace-chambera, in which the solid fuel on the l>ars necessarily occupies the entire space, reach- 
ing to the very crown-plates, as shown in the diagram^ — an arrangement by wliich neither time nor 
space is allowed for that gradual mixing and diffusion of the air with the gas generated from the 
mass of fuel, which are the sine tjud non of perfect eomhustion : In this resiM-ct we have the ordinary 
practice directly opposed to the sound conditions stated by Mr. Murray, when he describes tlie 
value and necessity of “ large and high fimiaoes.** 3nl. In tho alwienceof due provision for the 
admission of tlie air either in suitabli* quantity, proportioned to the large evolution of gas. or in a 
manner ada]ite<l to its admixture and dilTusion w ith the gas. 4tli. In long and shallow ash-pits, by 
which tho air. instead of gradually asr«nding through the Imrs fWim front to rear, is forcwl into a 
rapid current towanls tlie farther end. where it is forcetl upwards with increased velocity, iltrongh 
the fuel on the farther ends of (he bars, with the force of an artificial blast, causing a rapid com- 
bustion in that quarter, and thus liwving the bars uncovered, and the air free to {mss upwanls in 
a mass. 5th. In the absence of provision for the admission of a supplementary quautity of air 
^hind the bridge. It is evident that where the furnace Is long and shallow, as in Fig. 883, the 
fuel considerable, and the gas evohed nc-ccssariiy great in quantity, any air that could pomibly be 
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introduced fti the door- end must be wholly insuABcient for the combtutiem of thM gas. In snohcaaee^ 
the required qiuuitity of air must be lupplemcnted from the Mh>pit and behind the bridm. The 
engruTing, Fig. 884, ehows the mode in which this was effected, and the air introduced through a 
aeriee of ^-io. nolea in one of the City of Dublin steam-packet^ and with decided success. The 
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ooet of the apparatus was too insignificant to merit attention. 6th. In the want of sufficient snaoe 
between the bridge and tubes, as a chamber in which the necessary admixture of the air and tbo 
gas may be effect^ for combustion. Experience proves that, whatever may be the construction of 
the furnace or the boiler, a distance of from 6 to H ft. is abaolutely necessary for that purpose. In 
this respect, boilers on the plan of the ‘Great Eastern’s’ are peculiarly objectionable, no space 
whatever being allowed for the combustion of the largo volume of gas generated from each of two 
long fumacos, which meet at the middle, and practically form one furnace of IH ft. in length. The 
ree^t is that much of the gas passes unignitra and unconsnmed through the tubea, to ignited 
at the wrong end, and in tho smoke-box, where it meets with a supply of air coming from tboao 
other furnaces in which the fuel at tho timo happens to be in a clear state, and their bars to a great 
extent uncovered. 7th. In an unnecessary and injurious leo(^h of tune, which is but slightly 
instrumental in producing steam, as will hereafter be shown, while it oecupioe a la^ sp^, much 
of which might have been appropriated as a chamber for the combustion of tbo gas, as is done in 
the most approved locomotives. 8tb. Id the absence of sufficient space for the presence and circu- 
lation of tno water between the tul^ and especially at tho end nearest tho face-plate, against 
which the flame strikes with peculiar energy. In this respect, the marine tubular miler labours 
under a irerious disadvantage rrom which the locomotive is exempt. In the latter, the space occu- 
pied by the iub<w and the furnace compartment is separate, tho steam generateil from each baring 
its own proper place for its ascent. In the marine boiler, however, the tube series being placed 
directly over tbo furnaces, tho great mass of steam generated directly from the latter has to work 
its way in its ascent through spaces which aro not above } or } of an incJi between the tubes. 
The result is that tho tubes are surrounded by the mass of steam rising from tho furnaces, and 
which practically drives the water before it, leaving the tubes without any. In this respect, the 
system is again directly the reverse of that very properly insisted on by Robert Murray, when he 
■ays, **that the steam should have a ready escape from every part of the bested surface.” In 
the laarino boiler we see that, instead of a ready escape, it baa the greatest mochanical obstruc- 
tions to contend with. 

1 must be allowed hero to remark that the evils which I have pointed out are not peculiar to 
the boilers of any particular vessel, or set of vcsacls, but are to be found, on the contrary, in many 
of the finest and Mst ships in existence, including the * Warrior’ and ‘Ociavta* men-of-war, the 
fast Holyhead packets, and many other first-class vessels. It is not, then, to be wondered at that 
tbo coals DMMt in favour are not those which would give the greatest calorific effect, if duly con- 
sumed, but such AS would avoid the issue of dense smoke, and thus give the appearance of 
economy. It will bo presently shown that the absence of smoke, in some descriptions of Welsh 
coal, is no proof of greater heating powers, or of a more economic fuel. 

Looking, then, at the comparative inefficiency of tbo tubes, as steam generators, with the 
exception of tho first 12 or 16 in. (which includes the action of the looking also 

to their peculiar position, wo see them in tho very place which, mechanically and cbemieally, is 
most appropriate lor the combining action of the gas and the air — in a word, for a combustion- 
chi^ber. x^ere appears, then, no altemativo but that of dispensing with the use altogether of 
long straight tubes or flues. In truth, we cannot separate the existence of straight tubes from 
the vice of having the current of heated products nassing in the same plane and direction as the 
surface through which the heal is to be transmitteo. In this abandonment of the straight-tube 
system, it must be confessed that there are commercial difficulties which, it may be feared, will 
materially retard this useful ebantn:. On discussing the subject with a well-known engineer, and 
showing him, practically, tho inutility of the tube-surface, particularly where long tubm aro used, 
Williams continued to say, 1 was struck with the difficulty of obtaining his assent, while all 
other witnesses expressed their entire conviction in what they saw product in the experimental 
boiler. On his departure, however, the mystery was solved, and mv surprise at an end, when I 
was informed that he was largely connected in Birmingham, and even with a patent for an 
improved mode of welding them. It was thus manifM that personal interest was directly 
opposed to change, conviction, or improvement. I may here add t^t I understand several engine 
and boiler makers are in the same position, and have largely invested capital in the roannfacture 
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of tvbei. Thin, while it ftooonnte for the difficulty in the way of improving our boiler system, 
increftMti the fc*r of iU requiring a lengthened period before the neceasary change and improve* 
meat ahall be realized. 

Under lhene circnm.Htai»«‘*, I may perhaps be permitted to nuj^l^at that the Admiralty, who 
can have no i^reonal intercMt in the manufacture of tul>e8, have it in their jjower to do the public 
a moat essential service by instituting inquiries into those practical defects of the tubular system 
to which 1 have drawn attentirm, and by lending their high influence to remedial changes. It 
would be a giwt stimulation to the progress of marine engineering if they would do this, and would, 
at the same time, institute more complete and satisfactory tests of titeir steam-sbiits. Either in 
place of, or in addition to, the ordeal of the measured mile, let them institute lengtbeoed runs at 
netij as is done with Clyde*built vessels, where the triabirnwi generally involve a run from Greenock 
to Liverjswl. In these trials let the Admiralty require omcial returns involving the following par- 
ticulars : — 1st. The sraed aa Aour ; 2nd. The actual weight of coals used on hour ; 3d. The tfegree 
to which smoke is {iroduced or avoided ; 4th. The temperature of the stoke-hole ; 5th. The temi)era> 
ture of the escaping products in the uptake, nneertnined by the nvroracter; fith. The weight of 
clinker and its peculiarities ; and 7tb. The weight of incombustible ash. The inspecting officer 
should also be required to report upon the extent to which forcing of the fires may have been 
resorted to. 

It will be ol)servod that these returns involve the qualities of the fuel employed, and of its 
fitness for use in the furnaces of the {tarticular ship tested, as all such returns undimbtedly ought 
to include tlieee particulars. In or<ler to show that there is no great difficulty in obtaining such 
particulars, I may mention that they are all attended to in the tests of coal, m^e by their 
respective owners, in the test-boiler of the City of Dublin Btenni-Packet Company at Liverpool, 
and are all so easily and accurah'ly determine that the tests in question at once stamp the true 
character of each description of o^. In illustration of these results, I here give a return of 
ten kinds of coal, with their several calorific values token from the results of some of the tests 
just mentioned. 


Tests or Coals as made nt tub Boileb or tub Cnr or Diblin Bteau-Packet Company. 


Peoaolnsttoi of 
Cosla 

Total 

Wsler 

rvapo. 

rai^ 

Total 

CLaU 

roD- 

•umed 

Total 

Time 

«n- 

ploycd. 

Coal 

CM)« 

turned 

hour. 

Water 

eeapo- 

rated 

Water 
eraptv 
rat^ 
per lb. 
uf Uoal. 

PjTt>- 

meter 
beat in 
Flue. 

Tempera- 
tare of 
Watte 
Heal In 
Chlronej. 

Cl laker 
per c*rt 
ofCoaL 

Aih per 
cwt. of 
CoaL 


No 


lha. 

Hot. 

n. 

a. 

llw. 

Ihi 

lha. 

o 

0 

Iba. 

Iba. 


1 

( 

8000 

980 

3 

47 

259 

2IH 

816 

1083 

484 

308 

114 

\ ^ 4 V i 

2 

Welsh. j 

8000 

808 

4 

30 

199 

1777 

8-92 

831 

450 

4-37 

1-88 

3 

8000 

9.52 

4 

57 

192 

1616 

8-40 

73J» 

4.50 

517 

1-88 

• S *S “ 

i i Z^"s 
llpl 

4 

1 

8000 

784 

4 

41 

167 

1707 

10-20 

957 

406 

2-14 

2-00 

5 

1 

8000 

1008 

3 

34 

278 

2242 

7-93 

1126 

517 

1-73 

0-69 

B 

Lancashire. < 

8000 

896 

3 

42 

242 

21G2 

8-92 

1079 

535 

2-78 

0-.H4 


7 

1 

8000 

896 

3 

35 

250 

2232 

8*92 

1200 

574 

2 50 

1*12 


8 

Sundries. < 

8000 

1004 

3 

51 

276 

2077 

7-51 

1009 

500 

4-10 

1-36 

M »-fl 

9 

8000 

1004 

8 

27 

.309 

2318 

7-51 

1157 

524 

1 42 

TOO 

10 Australian, 
per * Ko 7«1 Cbsrirr.’ 

8000 

.. 



239 

1783 

7-46 

1115 


0-49 

1-71 


**Tbe above test-trials were made at the request of the owners of the respective collieries, for 
the purpose of ascertaining the calorific value and peculiarities incident to each coal, as regards 
elioker, ash, Ac. The names of the collieries or owners are purposely omitted, as Uie returns of 
any one kind of coal are never communicated to those of any other kind." — Wiluam Balfour 
McAllister, Fortman Boiltr Maker to the Cotnpany, 

These only embraced the returns of the last nine months, and the tests were all made at the 
request of their respective owners, on opening new beds in their collieries. Wye Williams adds, 
I suppress the names of the different coals to avoid giving unnecessary offence to any of the 
proprietors. It will be observed that as there was no smoke ffom any kind of coal, and perfect 
enmbustion effected, the full calorific effect was obtained in every instance. This was also con- 
firmed by the appearance of the furnace, as every part of the interior was made vinble by mesns 
of properly-pla<^ sight-holes, as was the case in the Newcastle experiments. These returns show 
the error or estimating Uie so-called evaporative power of tbe mal by reference to the W'ater 
evaporated by each pound weight of the coal. We even find that the description which gives the 
largest return in that respect, may, in fact, be the worst adapted for steam-generative purposes, 
inasmuch as the time occupie<l is so much greater. This element of time is of the highest 
importance, as regards the providing an adequate supply of steam for the cylinders. Take, for 
instance. No. 4. There the amount of water evaporat^ to a lb. of coni was 10'20 lbs., yet there 
were but 1707 Um. evaporated <in Ao«w*— during the time require<l for the evaporation of the tank 
full, of 8000 lbs. — say, in all, four hours forty-one minutes. Whereas, in the case of No. 7, though 
there were but 8*92 lbs. evaporated to a Ih. of axU, (here were no less than 2232 lbs. evaporated 
an hour, the 8000 lbs. being evaporated in three hours thirty-five minutes. A further illus- 
tration of tbe importance of attending to the made in which tbe several kinds of coal enter 
into combustion, as Percy has well observed, is shown in the following returns, where five kinds 
of coal were tested, and the temperatures in the flues and of tbe escaping products were both 
noted : — 
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Hbat DEVELorsD pkb Charok or 5 Glb!1. Ooai^ showx bt tiir Pybombtbr in thb Flubs 
Inuicationa. — T ixi^ 20 Minitim. 


No. l. i 

No. X ' 

1 No. S. 

' No.<. 

Na 5. 

Sw'inM. 

Newport 

Co«l TrtlrtO. 

PowrU** Dnffem. 

Main l>cpth. 

740 ! 

75,3 ' 

1000 1 

835 

1120 

750 1 

725 

1045 

845 

1150 

7«i0 

1 720 

1035 

; 850 

1225 

7<>5 

1 725 

1060 

' 855 

1255 

775 

1 735 

1075 

8(i0 

1280 

1 785 

745 1 

1075 

S70 

1290 J 

1 795 

755 

1080 

I 900 

1295 i 

805 

765 

1080 

; 920 

1300 t 

1 825 

775 

1095 

925 

1300 max. 

1 835 

790 

1095 

945 

1 1280 

1 840 

, 805 

1095 

9.55 

1 1250 

' 850 

' 815 

1100 

1 970 

1 1225 

855 

825 

1100 

975 

1 1220 

865 

830 

1100 

9,s0 

1200 

1 875 

845 

1110 

990 

1155 

, 885 

855 

U20 max. 

1000 

1130 

' 895 

865 

1110 

lllOO 

1110 

905 

875 

1115 

1005 

IlOO 

910 

890 

1105 

1010 

107,5 

910 QMX. 

K»5 nux. 

1073 

lO-ZO 

1050 

1 

j 20)1662-5 

! 20)1598-5 

20)2167*0 

20)1871-0 

1 20)2401-0 

831° 

1 799P 

j 

1 io«a’ 

•935° 

1200° 


Average Wiiste ifent m Chimney. 

i 

1 45(r 

45(r 

48t° ! 

397° 

674'’ 


In \o8. 1, 2, and 4, of tho annexed Table the larKeHt flereloptnent of gas, and oonooqomtly the 
higheMt temperature (ajuuming that perfect combuittina Mrax realized^, wan at the end of each 
charge of twenty minutea (the temperatures were taken at inteiraU a minuteX whereas, tn 
Nos. 3 and 5 the maximum temperatures were attaino<) at the end of sixteen minutes and eight 
minutes n's|)ectivcly. This latter is the coal preferred bv the Dublin Steam Company. Williams 
adds, I am sure it will be acknowledged that these tallies contain much valuable information 
which is omitted from the official returns required by the Admiralty when steam coals are tested 
for thorn. In those returns no account is taken of the gross time employed in the evaporation of 
any groas weight of water ; neither are we told what temperature was obtained for evaporative 
porpoaes; nor what escaped in the state of waste heat; nor bow far combustion was perfect, as 
indicated bv the presence or abeence of smoke in the chimney. We see in them no indication of 
the use of that valnable and albimportant instrument the p\frometer^ without which it is impossible 
to form any correct estimate of the calorific or commercial value of any kind of coal. 

Feeling to deeply the inefficiency of the tubular system as now generally adopted, I have 
endeavour^ to substitute for it some more effective one, bearing in mind, of course, the neoesaity 
(to which I have before referred) of ensuring the direct action of the hot products of oombnstion 
upon the heating-surface. My endeavours in this respect have not been sucoetwful. 1 have 
arrange<l a form of tube, or rather flue, which presents a series of surfaces against which those 
hot products wrill strike at right angles, or nearly so, and consequently transmit a larger quantity 
of beat to the water in the boiler. As this, however, would be of comparatively small effect, 
unless accompanied by other material changes in the details and construction of the boiler, and 
the removal of the several evils already enumerated, 1 propose here detailing those alterations and 
prindplea with their influence, chemically and practically, which go to the formation of a porfect 
Doiler and its furnaces, namely • 

Istly. That in the construction of a boiler, the proportions of its several parts, in particular, 
its len^h, from the door to the back-end, should be determined by consideratirHis based on giving 
effect to those processes and principles on which the combustion, chemically considered, of the 
constituents of fuel — solid and gaseous— depends. Without regard to this common sente view of 
the subjeot, the length of boilers is usually determined by tho mere area or space allowed by the 
actual width of the vessel. This injudicious proceeding appears to have been adopted for 
the sole purpose of introducing tho greatest numuer of boilers into the smallest possible space — 
the stcam-gcuerative property of a boiler being assumed to depend on the length and area of the 
fire-grate surface, and w^lly imrespective of the chemical process of combustion to be carried on. 
This at once leads us to the inferenoe that the distance between the fuel at the bridge and the 
tubes should never be less than from to 8 fl. lineal— experience having shown that it is 
impossible to effect the perfect combustion of the gaseons oonstituents of the coal in a shorter space. 

2ndly. That where the furnace-bars are above 4 ft in length, from the dead-plate to the 
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bridge, and where the cliambcr is leiss in height than 2 ft. from the dcad*plate to the crown of 
the furnace, tliore should alwaya be provided the means of introducing a supplemental supply 
of air to the gases passing over the bridge. The mode adopted (see Fig. 884) in the Holyhead 
steam-packet, by a cast-iron ulate with a euflicioncy of half-inch orifices, has been found as suc- 
cessful as could bo oz|>octcd, foriking to the great space occupied by the tubes, and the consequent 
abaenco of an adequate combustion-chaml>er. 

Srdly. That tunes should never exceed 8 ft. in length, experience having supplied unquestion- 
able proof of the comparative inutility, as beat-generating s^acc, of any greater length, while it 
seriously curtails the space that might otherwise be occupie<l ns a combustion-chamber. 

4thly. That the steam generateil by the beat from the side and crown plates of the furnace 
should not be allowed to ascend through the tubes, nr interfere with the steam generated fn>m 
the latter, as already mentioned; hut that it l>e directed to pass upwards tlirough the spaces 
between the several separate stacks of tubes. 

5thly. That the waste heated products fmm the several furnaces should not be directed into 
one comiucm receptacle or smnke-l)ox, as is done in the * fireat Eastern ’ and * Warrior :* but that 
the fumacea, being set in pairs, their products should be kept in pairs, until, passing through the 
uptake, they arrive at the ba^ of the chimney. The reasons and proofs which influence this 
arrangement arc numemus, but cannot be here detailed for want of spact*. 

6thly. Boilers should be so placed that the fumace-tloors should face the fore part of the ship, 

which the material draught caused by its velocity would come in aid of the direction of the 
air into the ash-pits, and through the aix'rtures in the film ace-door boxes. 

In reference to i'n'mirK;, Murray observes:— “When the ebullition inside a boiler is so rapid 
and violent that water rises with the steam, and is carried over with it to the engines, the boiler 
is then mid to prime. Besides the danger to the machinery which always attends this pmpensily, 
it entails a serious loss of heat, carried off by the water which lioils over or is forced up the waste- 
ateam pipes." If this be a correct description of the process of priming, the tubular system has 
much to answer for the evil, as being peculiarly subject to this “ propensity." In consequence of 
the violent transmission of heat, catis^ by the large surface of the face-plate exposed to the 
direct action of the flame, as already described, there is the greatest tendency to that local and 
violent ebullition by which the liquid matter is forced upw'ards, and which is no doubt the main 
source of priming. It may here bo olwenred, however, that the idea of a “serious loss of heat 
carried off by the water," is erroneous, and arises from the supposition of the water being heated, 
and having abaorbed a given (quantity of heat. Now, so long as the water particles retain their 
Imuid fonn, they have taken up no beat, and can, therefore, carry none along with them. 
Williams here remarked, “ I am sorry to have to refer to a work of my own, but I ^ve taken so 
much pains to establish this doctrine in my recent work, 'On Heat in its relation to Water and 
Hteam, embracing New Views of Evaporisation, Condensation, and Explosion,' that I trust I shall 
bo excused for referring to it here." Thu true loss and injury occasioned bv the water being 
carried over in the proceas of priming, arises — 1st. From the liquid particles taking up heat from 
the inside of the cylinder into which it is carried, and by which a cooling effect is produced ; 2nd. 
From the particles carrying a large portion of the salt and other imptirities with which the water 
may be impregnated, and which to a considerable extent produce an injurious effbet upon the 
valve-facings. “ Priming," Mr. Murray adds, “ may arise from a variety of causes ; but the usual 
one is a too contracted steam-space over the water of the boiler. For where the reservoir of steam 
from which the engines are supplied is very small, there must be constant pulsations of pressure 
in the boiler; and each time that the surface of the boiling water is relieved of a certain amount 
of pressure by the rapid withdrawal of a cyltnderfn] of steam, it boils up with great violence.” 
This is unquestionably true. It must not, however, be forgotten that the prevailing practice of 
using higher pressure, and cutting it off, for the sake of expanxinn^ gn«tly increases, if it does not 
produce, this very serious evil of a constant pulmtion of pressure. Wo cannot, therefore, have the 
benefit of the expansion principle carried, as it now is, to tm great an extent, without the con- 
current evil of having the liquid matter carried even into the cylinder by these frequent pulsations. 
This is peculiarly the case where the cylinders arc large and the expansion process is carried out 
to a great extent. 

1 must, however, insist on the fact, that the violent local ebullition, peculiar to the tubular 
STstem, pr^uoed immediately bc*hind the face-plate, as already explain^, is the main source of 
the evil of priming. This is well exemplifletl in the case of new boilers, and on their first trial. 
The face-plate being then clean, l>oth inside and outside, and the water-spaces being fully charged, 
and without obstruction to the water's circulation, the transmission of heat through that plate is at 
its maximum : and the generation of steam greater there then than it ever can be afterwards. 
The violent ebullition immediately behind the f^ace-plate is far in excess of what can l>c conceived 
by those who have not had the means of personal insjiection. None but an eye-witness could have 
an adequate idea of this local action, or of the mass of water thrown up immediately behind the 
face-plate, with the spray driven off in large quantities ; while the other parts of the water-surface 
are comparativelv tranquil, or exhibiting but tiiu ordinaiy effect of moderate boiling. It was this 
fact which first drew my attention to the action of the face-plate. I ol>scrve<l that the boilers of 
the ‘ Warrior,* like those of too many other vessels, were reported to have been exposed to pruning on 
their first trial; and when 1 lnr)k at the iromenie extent of face-plates in which the 4400 tubes are 
inserted, I cease to wonder at the violence of the local ebullition, or at the priming which resulted 
from it. As the continued use of a boiler causes a considerable diminution of water-space in the 
rear of the faee-plato, by the incrustation which is there rapidly produced, on account of the great 
heat to which it is exposed, we can readily explain the sunsequent diminution of priming when 
the boiler has been some time in use. 

Hitherto we have had no sufficient explanation, chemically or otherwise, of the cause of 
priming. When, however, we examine closely the act of ebullition, we shall have no Hifficulty 
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in comprehending the rationale of tlie procoK bj which tbo water particles are thus separat^nl 
and thrown up, and carried by tho force of the curreut out of tho boUor. Each bubble fonni^l in 
a liquid i« a spherical or geroi*flpherical mam of aeriform matter. In the case of boiling water it 
is of FMre enclosed in a spherical envelope of liquid partiolea, fonned by the repellent force 
and uivergent action of the tteveral steam particles. The liquid particles, on the other hand, by 
reason of their individual attraction and cohcaion, HUstaiii that continuity which forma the envo- 
lope. When each globe or cnveloix! bursts, the liquid particles of which it is com|K>sed are 
scattercil. aud, as it were, explode^ and then carrie<l forward to the cylinders. Looking, then, 
to the violence of ebullition, aud the quantity of liquid spray thn>wn up iinminliately behind the 
face-plate, and in no other place, wo oro enabled to appreciate tho source and nature of priming, 
aud the part which tho tubular system and its face-plate act in producing this result. The 
pulsations, then, spstken of by liturray, are not by any means the main cause of priming, hut are 
merely oeoondary to that violent and bx^al ebullition bo peculiar to tbo action of the face-plate. 
We Bce this reetilt of ebullition In the common operation of distilling water for chemical purposea. 
When the distillation is carried on rapidly, and the water is made to boil violently, tlm so-called 
dietillcd water is found impure to such an extent as to ro(|uire a repetition of the p^)Ocss, and a 
double or treble distillation. To obtain pure water from the still, the heat should not be allowed 
to exceed 200^, when ebullition begins. 

On the subject of Superheating there seems to be much confusion. The term “superheating 
the steam ” necessarily Implies an increase in its temperature. Vtlieu, however, we examine the 
operation, wc find that, practically, we merely increase the quantity of available st(«m. l>Uam, 
a« an elastic fluid, reseinbUs air as regards the difficulty of increasing its temperature; so that 
an^hing to be gained in this ros|>ect from the action of the heated products passing to the 
chimney, as waste heat, must be \ory insignifleant. In truth, all we do by the process is to 
va|K>rizc the liquid particli'S, which, more or less, always acccompony tlie steam geuerateii from 
water at what is called the boiling-point. If a given quantity of steam in tho boiler containa, say 
10 per cent, of li<[Uid particles, their conversion into steam is of equal value with the raporization 
of any other 10 per cent, of the water in the boiler. In addition, however, it luw the further 
advantage of relieving the cylinders from the presence of m much li(|uid matter. In high- 
prtoMure engines, as in locomotives, this is nut of such immrtance, inasmuch as the liquid jiar- 
ticles arc driven off with the stoam as each eyiinderful is uischargefl. In the cose of cvndensing 
engines, however, the advantage arising from the absence of liquid matter, and what is termed 
dry steam, is considerable. 

“ All boilers,” Murray observes, “ arc subject to the loss of a certain quantity of heat contained 
in the water which passes off with tho steam in tlie shajie of a fine spray. VVheu much of this 
mixes with the steam, the latter is said to bo *wet’; but it is believed that all steam raisiMl in 
the ordinary way is tiius more or less charged with water in a state of fine sulxlivlsioa.” This 
has already been conKidered when s|>eaking of priming. Murray goes on to say : — “ To evaporate ” 
(more correctly speaking, to wporize) “and utilize this water is one of the principal advantages 
of surcharged or *BUperheate<l’ steam.” He might have gone further, and have said that this is 
the sole advantage gained by this much-oxtollcd prricesa. That this is even Murray’s opinion 
may be assumed from the following brief, and, I believe, just summary, namely : — “ The very 
high rates of economy are shown by those boilers which wore previously the worst to keep steam 
with, aud which required very hard firing to do so ; those addicted to priming and wet steam rank 
next ill apjtarent economy; while those boilers that show the least were originally the best speci- 
mens of their class.” This at once raises tliu question whether it would not be b«*Uer to Imvo tho 
boilers so constructed that they should have uo spare heat to Ijo so applied ; for whatever heat is 
eo applied would have been more ectmoniically and efflciently employed in generating steam in 
the first instance, rather than in la'ing allowed to escape, ns waste bent, for the employment of 
which this superheating procecM. aud the other process of heating tho feed-water, have been 
invented. Whatever degree of suwess accompanies either of these processes will, in fact, l>o 
in the ratio of tho waste heat; that is, in prnpf>rtion as tho lioiler is deficient in the legitimate 
application of the heat generated by the combu-slion of coal. Thus, the more iiiiperftrt are the 
boiler and its funiacos in promoting iierfix^t combnstion, and thus realizing the full calorific 
power of (he fuel, and in applying the heat so generated, the greater will be the apjiarent advan- 
tage of heating the steam of the feed-waU-r. 

Robert Murray being selected from among many modem engineers who entertain similar 
views reapecting boilers, it is only right to odd K. Siurray’s reply. Writing to the secretary of 
the Inst, of N. A., Murray said : — “ Having l>een unable to attend the last meeting of the Insti- 
tution of N. A., I am glad to bo allowed this opportunity of replying very briefly to Mr. W'vo 
Williams’s remarks upon certain portions of a paper of mine, reiU before the Institution in the 
siiring of ISbO. While doing so, I would wish to express my hearty appreciation of Mr. Williams’s 
long and valuable labours in the peculiar branch of engineering science to which be has so 
ardently devoted himself ; but, at the same time, I mnst confess to a doubt whether ho is not 
riding his hobby rather too fast. It is my lot to see many pet contrivances and fondly-cherished 
theories sent off from this port of Houthainpton on a cruise into the wide world ; and of these, 
when separated from the fostering care of their parents, very few indeed ever live to come back. 
This sad spectacle, in place of enlarging our symjwthies, tends 1 fear to make us practical men 
only tho mon? hard-heart<sl and unl>»’li«*ving. I admit, however, that a little jtoking bv sneh 
men as Mr. Wyo Williams is good for us. 1 shall now attempt to meet some of 31r. Williams’s 
objections. 

“With regard to tho much-vexed question of ‘smoko-burning,’ I still maintain that in the 
furnaces of a marine boiler * it is not always an economical process and further, that ‘consider- 
able caution is necessary for the due regulation of tho quantity of air to bo admitted for this 
purpoeo.* It is of course apparent to every one, that the furnace demands a large quantity of 
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ntnvwi»hf‘ric oir nt ccM'h rorurrins poriml, wbrn tho fiwh cliarp* of coal i« untUTjfoinp the process 
of (lintillntion. mid tli**reforc portinj; with iU irfisi-ous conrttituents. This 8lnt»* of the fumnee, 
lH*wcvor, Innia for only two or tlinn* minotos out of everv t**n : nnd if tin* rush of cnhl air w<to to 
W continm*<l after tin* fire lias ijumt clear, ami there U only incandocont carlxm on the barn, a 
inojit linmaii^ing e ffect would be protlneenl hy the cooling of the flues and tubes. It becomea, then, 
n practical nneation, whether the quantity of air h» l>e ndniithtl can l>e readily and properly 
neljuwpvi to tne condition ami requirements of the fuel in the furnace. Tlmt with an experimental 
U>iler worked hy trained stokers, either on shore, or on lwi«r»l ship, this enn be done so as to show 
a hiRh dejrree of fiNWomy, no enirinivr will <louht : but the question still reninius. Can we place 
auflirieut th'p«'ndence iifwiu the oitUnary flrcmnn tn bo found on l>nard a steamer, as to leare it in 
their jtower to inflict a serious injury u}»on the Isulera by their stupidity or nephet; or will it not 
be pri'femble t«) adept oomo simple and flxotl arrancrement for this purpose, wdiicli will not bo 
deja'udent for its efluTicy u|)on the precarious attention of the 8p)kera? This may be done to 
sonic extent by wlf-actinj? apjiamtus: but wlienever such has l>e»*n fitted on l»narcl a stenmer, it 
has IxK’n (so far as my exisTience ^roeii) inmriably altandoncd after a few months’ trial. It wn^d 
appear, in fart, that the u.»unl conditions of the stoke plaw of a sea-goinj? steamer arc incom> 
patible alike with any jrrent amount of diseriminatin^ attention to be expcct<d from the men, or 
with the satisfactory working: of a piece of nice mechanism left in tlieir charjfe. There can, I 
think, b<^ no ohji'ction to admitting a tmutll and AkhI quantity of air through a iK'rforoted plato 
liehind the fir<>bars (as shown in Williams’s woodcut. Fig. SW), if tliis bo done judiciously. 
The danger in such a case is, tlmt the neighlsiuring platt?s may suffer harm from being one 
minute iub'nsely heated as by the flame of a Mow-pipe, and the next minute chilled by a cold 
blast after the flame has l>ecn expended, the continual expansion and contraction thus indtice<l 
tending M weaken the nlntoa by throwing iron-*n“aIc off tlieir surface. It is lliercfore, perha^ts, 
tlie safer plan to k(H.'p i>y the more usual exiMHlieiit of admitting the air through a uumU^rof 
small holes pnnchtd in the fire-dtwirs, say |>in. holes at the distance of 1^ in. from centre to 
centre, which apjK-ars to answer every piir|KiAC, the door itself being slightly opened when more 
nir is wanted. The l>ars must nt the same time l>e kept covere^I with a Mm fire, through which 
the air can jxmetratc, and not KinothertKl with coals as showm in Mr. Williams’s woiHlcuts. 

** Ah to the allegitl defiedenoy of absorbent jsiwer in the tul>c-surfacc of a marine boiler, there 
can be no question but that Mr. Williams's statements and conclusions demand the most careful 
nnd anxious cousidemtinn. I confeas myself so far a convert to his views, tlmt I would he glad tn 
ae(> the tul>es curtailed in length to such an extent ns M admit of a considembiy larger space than 
is usually nllowini U'tween the ends of the Imra and the tulie-plnte. That the fir.xt |iortioD of the 
tubes should be So tuneh more eflV*otive than the rest may, 1 think, bo cxplaim^l by supposing 
that the flnnie {H'netrates through them to this distance only, ls>coming then extinguixhoa ny the 
reiluetitm of t('m|H.'nttiire in the tul>os, in the same way tlmt it cannot |iass tlimugli the mesboa of 
the wire gaiixe of the miner’s lamp. Tlmt the remainder of the tubes should n«d abaorb more 
bent fr<»m the gases in their transit, is e<Ttainly a very nmmrkable and unlooked-for result. The 
use of tul>ea of not less than about 3^ in. diameter seems preferable, as allowing the flame to 
pc-uetrwb* further through them. 

“While sjicnking of ‘priming.* Mr. Willioms remarks that my expression of a * sorious loas of 
heat U'ing earriid nff by the water * is ‘emmeous.* The extent of this loss is evidently just so 
much caloric as was necessary for raising the ojecU-d water from the temperature of the feed 
to that of the water in the Ixuler. 

“ Lastly, with regard to superheated steam, it is now pretty well understood lh:it with a tompe- 
mtiire of fmm t<* 300'' Fahr. in the st<nuii-pi]K‘s we have all the advantages of which the 

f .rocess is cafmblo witlmut endangering the valves and packings of tlie engin*n. I must differ 
rom Mr. Williams, however, in thinking that its ‘sole’ adMiiitnge is the vaporization of the 
water)’ fiarticlea containtnl in tlie sbam, ns I think we ilerivc an almost W|unl advantage from 
the Koviiig of eondeiinntion in the pii»c8, ports, nnd cylinders.” 

Mr. C. Wye Williams, writing to the weretary respecting the above remarks of Mr. Murray, 
mid ‘ ‘ In reference to lilr. Murray's adilitional remarks, I have only to exprens my belief that his 
objt'ctions are severally and subetautially answered in the extracts I have given from the report 
of Messrs. Armstrong. Uichnivison. and Ixingridp\ on the proeeeilings nt Newcastle (page 440). 
His remarks on the admission of air and * smoke burning* seem to ]»e the result of an oversight, 
on his |)art, as to what my plans and recommemlntions rvnlly are. My regret at this is the greaU'r, 
as he has himsidf fully nlu«olve<l me from the clmrge of suggesting sjieculative remoflies, when ho 
ailds : — ‘ I see no objection to a4lmitting a small nn<l fixed quantity of air through a perforated plate 
behind the fire-hars, ns shown in Mr. Williams’s worsleiit, Fig. 884.' Again, Mr. Murray says: — 
* It is. pi’rhaiH*, the safer plan to keep by the more usual expedient of admitting air through n num- 
licr of small holes in the fire^lonra, which appears to answer every purpose.' Had Mr. Murray 
looked further he would havo found that this ‘*«fer plan,’ which ‘answerH every purpose,’ is 
identically what I ailopte*! under my patent of 1838, ana was that exclusively usod by me at the 
Newcastle experiments, which lasted twelve davs. the claim of the patent lH>ing, ‘The use, con- 
structinn, and application of the tierfomted airHlistribiitor, by which the atmns|meric air U more 
iinmediab'ly anu iutinwt<']y blen<fe<l with the combustible gases generated in the furnace.* 

“As to the deficiency of the heat-transmitting |Miwer of tuliea, which it was the main purpose 
of my paper to deacrilie. Mr. Murray says all that was necc-sMry in confirmation of my views, and 
in giving them the Wnefit of his concurrence, when he adds : — * As to the alleged ’deficiency of 
alstorbing |tower in the tube-surface, there can lie no <|ueHtum but that Mr. Williams’s statements 
demand the moat careful and anxious consideration. I confess myself so far a convert to his 
views that 1 would be glad to sec the tulles contmrt<Hl in h’ngth to such an extent as to admit 
of a considerably largi-r sjmcc than is usniUly nllnwcd Ijctwecn the ends of the bars and tlie 
tube-plate.* If this be done, it will remove one of the iiupcdimenta, both to the full combustion 
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of the fumftco^TOse^ S8^ 

and tho iiK*itm8e<r eva* 

C >rative power of the 
>ihT. On tho whole, 
then, it appennt that, so 
far from there beinj^ any 
essential ditfereuco be- 
tween Mr. Muithv and 
myself, we are substan- 
tially in* aeeord on all 
csM>ntial points.” 

We n<»w come to tho 
present practice of en- 
gineers, by which dif- 
ferent descriptions of 
boilers are constnictud 
and arranged to suit va- 
rious pnrpoacs. How far 
these numerous forms 
and combinations fulfil 
the necessary require- 
ments, the engineer 
will, it is presumed, bo 
able to decide, from tho 
accurate experiments, 
abstract reasoning, and 
practical results which 
we liave adduced. 

Marine BoiUrt. — Fig. 

885 shows an example 
of the high-type modem 
marine boiler, as de- 
signed by N. P. Burgh, 
and Ulokratcd in his 
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preotieal work on Marine E^nginocrine, to which we aro indobtod for manj of our ezamplee of 
marine boilers. The fire-box and ooinbustimi-chambcr are partially separate by a brick orid^e. 
The tubee have a Nli^ht take inclining upwardii at the amuke-ltox cmX thU end being the final 
eraporator. The vortical tubes in the upper portion of the smoko-box are for superheating. The 
fire-bars are inclined towards the inner extremities for two purposes, the one to assist the action of 
stoking or agitating the fire, and the other to accelerato the draught — it being remembered that 
the greater ix>rtion of the draught enters below the bars. Fig. 886 shows an enlargod front eleva- 
tion of the same, half coraplcto and lialf in section. 

Figs. 887, 888, 889, show an end olevation, sectional plan, and aoctional elevation of the boilers 
fitted in H.M.8.8. * Vigilant,' ‘ Wanderer,' and ' Osprey,' by Maudslav, Sons, and Field. The dispo- 
sition of the boilers in the bull is represented by the elevations, the plan referring to only one 




Sectional plan. 


boiler. The fire-boxes aro fore and aft of th^shell at the side. The combnation-ohambers, one to 
each grate, arc at right angles with the fire-boxes; the tubes are arranged in a line with and out- 
side each flre-lK>x. thus fnnning a return action. A longitudinal flue is introduced, extending 
throughout the length of the boiler, so as to render the final uptake common to the smoke-boxes. 
On referring to the sectional elevation, it will be seen that this flue is the same height as the 
smoke-ljox, a divisional water-stiace causing a complete separation. The fire-box is contracted at 
the base-line, also the side and bottom of the shell aro angularly connected. ThU form of eon- 
siruction U dno to the l>eam of the bull for which the boilers were designed. 

The details are: — Two boilers of 100 h.p. collectively ; length of shell, 19 ft. 4 in. ; width 
one shell, 9 ft. 6 in. : height of shell, 5 ft. 10 in. There are four flre-CTates, each grate being 6 ft. 
4 in. long by 2 ft. 10 in. wide. The fire-box is 3 ft. 6 in. deep at eacn end. 192 of the tubes are 
6 ft. C in., and 192 6 ft. in length. The total number of tubes U 384, each tube being 2^ in. 
outside diameter. 

Fig. 890 represents a boiler with tubes, made by Maudslav, Rons, and Field, for H.M.8.8. 
* Mutine ' and * Chameleon.' The boiler U of 66 H.P. ; the shell (s 9 ft. 8 in. long, 18 ft. 4 in. wide, 
and 7 ft. 6 in. high. There are four grates, each grate being 5 ft. 10 in. long by 2 ft. wide. The 
fire-box is 3 ft. 10 in. deep. Total numl)er of tubM 262, each tube being 6 ft. long and 2J in. out- 
side diameter. There are two grates to each cluster of tubes, placed near the outer side of the shell. 
The combustion-chamber is at right angles with the grate. The tubes arc placed in the centre 
lietwecn the fire-boxes. The smoko-lmxcs are at the boiler-front between the inner fire-boxes. 
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Fin. 891, 892, 893, 894, show eleyation, plan, and aectinne of the two boilers of H.M.8.8* 
*Roindecr* and * Perseus,* by J. and G. Kennie. They are of 130 n.F. I^ength of shell, 16 ft.; 
width, 10 ft. 6 in. : height, 7 ft. 6 in. ; six flre>grates, 5 ft. 6 in. long bv 2 ft. 10 in. wide ; flrobox, 
4 ft. G in. deep; 528 tuboi^ each tube being 6 ft. long and 2} in. outside diameter. 


C 891 . A sn. 
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Piga. 895, 896, show elevation and section of the boilers made by J. and O. Rennie for 8. 8,8. 
‘General Murillos* and ^Ueneral Victoria.* There are four boilers, of 200 ii.P. oollectively. Each 
shell is 12 ft. lung, 10 ft. wide, and 7 ft. high. There are eight grates, each grate being 5 ft. 9 in. long 
by 3 ft. wide. The flre-l>03c is 3 ft. deep in front, and 2 ft. at back. Inhere are 628 tubes, 6 ft. 
long and 2| in. outside diameter. 



Figs. 897, 898, show the tubular btoUer made by James Watt and Co. for the Bonil»ay 8t*>am 
Navigation CVtm{>any. It is of 80 li.r. The shell is 7 ft. 1 in. long, 1 1 ft. wide, and 8 ft. 0 in. high. 
It has two grates, 4 ft. 9 in. hmg and 2 ft. 2 in. wide. The fire-box is 3 ft. deep. Numln-r of 
tubes 144, each tube 4 ft. 11 in. long, 2J in. outside diaroeter. The doors seen under the grate at 
the liack, Fig. 898, are for the admission of air beyond the bridge, a suitable framcaork Ix'ing 
fitted in the fire-box. The gear siiow'n by the dotUnl lines and in the dome relates to the safety- 
valve. Fig. 897 shows the combustion-cbanii>er, stiH)kc-lM)x. ami uptake, in section. It will l>o 
that the tubes connecting the eombuHtion-rhamber and smoke-l)ox are at an incline; this is 
for the purfmtto of acrelemting the draught. The uptake is curved and surrounded by tbo steam ; 
this renders partial suporhonting attaiimblo without extra detail or expense. 


S97. 



Sectional elevation thnmgh A, B. 


Sts. 

A 



H 

'I’taasTcrse setiioual eleratioa. 


Figs. 899, 900, show the l>oilers mode by Jnint*s Watt and Co. for tlte 8.8. * Tyrsaad.* Tliey arc 
of 120 ii.p. The shell is 8 ft. long, 15 ft. wide, and 10 ft. high. There are eight grates, 7 ft. long 
and 2 ft. wide. The fire-l*ox is 3 ft. <leep in front, and 3 ft. 3 in. deep at back. There are 520 
tulies, each lube being 5 ft. 8 in. long and 2J in. outside dian»eter. 

Figs. IH>1, 902. fK)3, 904, represent the two boilers made by Janies Watt and Co. for H.M.8. 
* Hornet.* They are of 100 ii.p, l.^rngth «f shell, 16 ft. 6 in. ; width of one shell, 9 ft. 6 in. ; height 
of shell, 7 ft. 6 in. Bix grat<*», each grate 5 ft. 3 in. hmg by 2 ft. 4 In. wide. The firo-lsix is 3 ft. 
deep in front, and 3 ft. 6 tn. at hack. There are 440 tubes, c-ach 5 ft. G in, long and 2^ in. outside 
dianieter. 

The tubular loilep inventc<l by Eilwanl N, Dirkerson is shown in Fig. 905. It 1ms two aeries 
of tubes, W and 8, Uirougli one of which series the water j)ns{>ea. and ujion the exterior of which 
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tho heated prodnets of oombustioii impinge, wiiile the fttenm ou its paaange to the outlet U made 
to surround and envelop the other senes through which the products of oombustiou are mmle to 
iKUts, thus superheating the steam. The water-tuW of this boiler are so arranged that by remov- 
ing doors or plates D, wth ends of tho tubes may be reached and cleaned without going into the 
boiler. 

Fig. 906 refers to the boiler invented bv William Mont 8torm. The boiler consists of a 
cylindrical horizontal shell, in the centre of wliicb are situated two fire-boxes separated by a water- 
siMvce., Tho smoke-boxes are situated within the water-space, with the pipes m, m for circulating 
the smoke to the uptake. Flues are provided for conveying air to the furnace, which run parall^ 
with the generating tubes; and a water-heed is formed in each end of the boiler for affording 
access to the outer ends of the tubes. Tliis water-head U connected with the boiler by circulating 
pifies, so that it is mode to act as a generator of steam as well os a water-heater. The fire passes 
right and left through the flues or tubes to the chambers i, i, and thcnco through its proper 
conduit to the uptake. 

Fig. 907 is an elevation in section of the marine steam-boiler of that ingenious inventor and 
engineer, Thomas Dunn, a is the outer shell of the boiler; 6, the fire-grate, and c, the roof of the 
firebox, which U formed of scroi-olliptical plates riveted together at their edges, thereby prodiicing 
a corrugated surface against wluch the products of combustion impinge ; these corrugations give 
a larger beating-snrfacc to the fire-liox and increase its strength. Bftyond the fire-grate b is the 
bridge d, over which the products of combustion pass to the down-flue c, tlieu through the tubee / 


SOT. 



fnniiing the multitubular jiart of tho boiler, and then into the chamber </ w hich communicates by 
tneaus of the flue h with the chimney or funnel. Under the bridge li a few short tubes <f aro 
insorWd to admit air into the down-fiue e for the pur[Kwo of igniting the inflammable ga^ pase- 
ing over tho bridge >/. The flue j near tho bridge is only opened when the fires are just ignited ; 
but if, owing to the leaking of the vessel, the water should come in and close the lower flue the 
flue j may be opened so as to keep tho engines going until the water rises in the vessel sufficiently 
to extinguish the fires. The grate-bar m is shown in about the position of tljc fire-grates in luorino 
UiiliTs of the ordinary construction, and the grate-bar 6 above it indicates the level of the fire- 
grate in Dunn's liotler. 

Fig. 908 is a section of anotlier of Dunn's marine Isdlers. In this instance the roof of tho fire- 
box is made of eomignted plates c stayed longitudinally and vertically, and the water-partitions 
n, shown in section in Fig. 999. are placed in the down-flue »■ to aitsorb a portion of the neat from 
the producta of combustion in passing to tho up and dowm flues /, which are formed by the water- 
partitions o, projecting downwards from the central portion of the boiler, and the partitions p 
projecting upwards from the lower |>art of the boiler. The chamiter and the flues A and j arc 
similar to tltose above described in referenec to Fig. 907. In thU boiler tho outer side of the 
chamber ij is formed by the water-|mrtilion 7, and comiequcntly all the flues and lower |K)rtions of • 
tho boiler are perfectly water-tight, so that in com* of tho hiking of the vessel the boiler may bo 
kept in full work until tho water rises to the level of the fire-grate 6. In both the marine Isnlcrs 
shown in Figs. 907, 908, the fire is applied near to the surface of the water, and in a most advan- 
tageous fiosition for rapidly generating steam : tho ashes and cindora are collected in the buckets 
r, and (be direction of tho products of combustion is indicated by the arrows. 
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Fig. 910 repreacnta a modification of the marine boilers shown in Pigs. 907, 908. In this boiler 
the heating-surface is increased, and the circulation promoted by the two sets of tubes M and N 



placed in the flue e. The bridge d is ma<le to contain water, and it is connected to the corrugated 
roof c by pipes d*. 

Figs. 91 1, 912, show an clcration and plan of two boilers designed by N. P. Bnrgb for a gnn- 
.boat. Tbev arc of lOO h.p. oollf*ctirely. The shell is 19 ft. 9 in. long, each shell 12 ft. wide and 
6 ft. 9 in. high. There arc four grates, G ft. long and 3 ft wide. The flre-box is 3 ft. deep. 
There are 780 tubes, 400 being 5 ft. 9 in., and 380 7 ft. G in. long; outside diameter of each tube, 
2} in. 

The boilers made by^Biaudslay, Sons, and Field, for H.M.8.S. ‘Ajax* and ‘Edinburgh,* are 
shown in plan. Fig. 913. In each ship there are two, of 450 b.p. collectively. The shell of each 
boiler is 34 ft. G in. long, 16 ft. G in. wide, and 9 ft. 10 in. high. There are twelve fire-grates, 
each grate 6 ft. 4 in. long and 3 ft. wide. The fire-box is 3 ft. 6 in. deep in front, and 4 ft. 2 in. at 
back. Number of tubes, 1500; each tube 4 ft. 10 in. long, 2| in. oxteriud diameter. 
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Fipt. 914, 915, exhibit olovationa of the boiler deait^cd by X. P. Burtrh for a steam yaeht. It 
is of 25 ii.p. The shell is 1 1 ft. G in. lon^. 7 ft. wide-, 7 ft. hixii ; one (ire*j^tc, G ft. lon^, 2 ft. 
9 in. wide; fire-box, 2 ft. 9 in. deep. Number of tubes, 72; each tube 8 ft lon(^ and 2} in. 
outside diameter. 

£. Humphrys* marine boiler is shown, Fijp». 9IG, 917. Tlie uptake is oonstrueted in such a 
manner that a number of vertical tubtw may bo placed in it, the uptake forming {lart of the main 
boiler. The vertical tubes servo as a superheating? apparatus, and render unnecessary any pi|>es 
or valvos for conduotinj? the sUam to the MU}M<rheater. 

Fi)?. 917 shows the tubes and smoke-box. Directly above the tubes a plate is fastened, and 
another plate is placed near the roof, the plates beiii;; connected by tbu vertical tubes and stays. 
The paosaKc of tlie steam is indicated by the arrows. 

Tnc iwilers represented in Pigs. 918 to 921 arc fitted in H.M.S. * Oberon,' 260 ii.p,, and were 
designed by Cant. A. A. Cochrane and at Wot>lwich Factory res|>ectively. Tho length of shell in 
Capt. Cochranes holler, Figs.918.919, is 12 ft.; width of shell, 11 ft. G| in.; numWrof sU>el tubes, 
915 ; length of steel tubes, H ft. 3 in. ; outside diameter of steel tub^ 1 j in. ; actual weight of 
boiler, 20 tons 7 cwt. ; actual weight of water, 12 tons 8 cwt. 1 qr. 




Totsl. 

1 Rach 

' onchiaal H.r. 

1 To carb foot 
! of Gmtc. 

Hcating-surfacc in tubes 

sq. ft. 

1310-54 

10-08 1 

1 18*25 

„ „ furnaces, Ac 


337-83 I 

2*6 

1 4*71 

Total heating-surface 


1G48 37 

12-68 

1 22*96 

Area of fire-grate 

„ 

71*79 

•55 


Capacity of eomhustion-cliamber 

cub. ft. 

157-2 

1-21 

2*19 

Area at throat of „ 

wp In. ' 

214G-37 

16*51 

i 30*0 

„ between elewe tuhc« 


UH2-0 

15*0 

! 27-04 

„ under trap or water-space 


' 20‘.»9-5 

16*15 

29’2 

„ between smoke-box door and water-spaco 


1799 0 

13*83 

25-05 

„ at mouth of uptake 

” 

1728-0 

13-3 

240 


Capacity of boiler, 14C0‘5 cub. ft. ; capacity for water, 444*78 cub. ft. ; capacity for str^m, 315*G 
cub. ft. 

Tho length and width of shell of tho boiler made at Woolwich Factory, Figs. 920, 921, are tho 
same os that show'n in Figs. 918, 919. The height of the boiler is 12 ft. 2| in. ; nurol)cr of brass 
tul>C8, 394; length of brass tubes, G ft. 6 in.; outside diameter of brass tul>es. 2| in.; actual 
weight of iMilor, 21 tons IScwt. 8 lbs.; actual weight of water, 14 tons 19 cwt. 3 qrs. 
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1 Tout 

Kftch 

nombul n.f. 

To etch foot 
vf Qnie. 

1 Heating-surface in tubes .. 

sq. ft. 

1674-5 i 

12*88 

22*08 

1 „ „ fumacea, Ac. 

w 

234*0 1 

1*8 

3*08 

Total hcating-surfaco 


1 1908*5 1 

14*68 

25*16 

1 Area of fire-grate 


75-81 

•58 


1 Capacity of combustion-cliambcr 

cub. ft. 

! 55*18 

•42 

•727 

' Area at throat of „ 

sq. in. ! 

2144-0 ' 

1C*5 

28*3 

„ thnnigh tubes 


1564*18 ' 

1 12*03 

20*63 

j „ at mouth of uptake .. 

H 

1728*0 j 

1 

1 13*3 

22*8 


Capacity of Iwiler, 14t*0'5 cub. ft. ; capacity for water, 537 cub. ft. ; capacity for steam, 3G9cub. ft, 
Tlie boilers for H.M.S. ‘Audacious,* 800 ii.p., are made on two plans, one by Ravenhill, 
Hodgson, and Co., and the other by Capt. A. A. Cochrane. Pigs. 922, 923, 924, show tho boiler by 
Kavenliili, Hodg»r>n, nitd Co. The number of tubes is 409 ; length of tnlM«, G ft. 7 in. ; outside 
diameter of tulK'.’S 3 in.; estinmtcxl weight of boiler, 22 tons 5 cwt. ; estimated weight of water, 
14 tons 5 cwt. 2 qrs. 




Total 

hMb 

nomirul ILP. 

To pufb fool 1 
of Grsts. j 

Heating-surface in tul»es .. 

sq. ft. 

2208-6 

16-5«i 

25*175 

„ „ furnaces, Ac. 


SOI-78 

2*28 

8--17 

Total heating-Ktirfooe 


2573 •:« 

18*85 

28-65 

Area of fln'-grato 


87-725 

•G5 

i 

Capacity of combustion-chamber 

cub. ft. 

105-43 

•8 

1-2 1 

Arm at throat of „ 

w|. in. 

S5#M)-0 

26*7 

40-58 [ 

„ through tuljcs 


2429-0 

18*22 

27-69 ' 

„ at mouth of uptako 


1980-0 

14-85 

22-57 


Capacity of boiler, 1898 cub. ft. ; capacity fur water, 519 '68 cub. ft. ; cajiacity for steam, 483 ’25 
cub. ft. 
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Lofigitudioal sectional eleratlao. 
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Flg». 925, 926, 927, exhibit Oipt. Cochrane’s plan. The perticnlara are:— Number of steel 
tubea, 870: length of steel tubes, 3 ft. 6 in. : outside diameter of steel tubes, 1) in.; intimated 
weight ^ ^iler, 24 bms 2 qn. : estimated weight of water, 12 tons 8 cwt. 2 qra. 




TM.1. 

Each 

nominal n.r. 

Toracb ft>ot 
of Qrstn. 

Heoting'Surfaco in tui>es 

sq. ft. 

1395*44 

10*5 

15-9 

„ „ furnaces, &c 


513*19 . 

8*84 

5*85 

Total heating-surface 


1908*63 

14*31 

21-75 

Area of tire-grate 

„ 

87*725 

■65 


Capacity of corobnstion^hamber 

cub. ft. 

282 0 

21 

3*21 

Area at throat of „ 

np in. 

2905 0 

21*7 

33*11 

„ between close tubM 


8192*0 

23*2 

86*4 

„ under trap or water-space 


2728 0 

20-4 

31*1 

„ between sznoke-bnx aonr and water-space 

„ 

2898*0 

21-7 

33*0 

„ at mouth of uptake .. .. 


2016*0 

15*2 

22-98 


Capacity of boUor, 1^ cub. ft.; capacity for water, 445 ‘3 <mb. ft.; impacity for sioatu, 483*25 
cub. ft. 
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H.M.S. ‘Chanticleer,* 200 ii.p., U fitlcil with boilers desijfned by Cnpt. Cochrane and by tho 
Oovenimeiit Factory at Woolwicli n»spocllvpIy. 928, 929, 9:W, roprcrtent those by l^pt. 

C>)chriino. Kuml>er of Hteel tulles, 929 : lenj^th of sbxd tubes, 2 ft. ti in. ; outside diameter of st^l 
tubes, in. ; netunl weight of boiler, 18 tons 18 cwt. 2 qrs. 18 lbs. ; actual weight of water, 8 tons 
1 1 cwt. 22 lbs. 


1 


TuUl. j 

1 I'jMrh 

' nominal a.r. 

To each foot | 
1 of Urate. 1 

1 lleating'surfnce in tubes .. 

»q. ft. 

1 758*6 

10*53 

15*6 

„ «, furnaces, &c. 

241* 89 

3*35 

5*0 

Total heating-surface 


1000*19 

13*88 

20*6 

Area of Are-grate 

„ 

48*37 

■67 


Capacity of oombosticm-chambcr 

cub. ft. 

158*7 

2*204 

8*2 

Area at throat of „ 

sq. in. 

2160*0 

30*0 

44*66 

„ between cloec tubes .. 


1 1545*0 

21*45 

32*15 

„ under trap or wnter-«i)ace . . 


1486*0 

20*64 

30*72 

„ at mouth of uptake .. 


1053*0 

14*62 

21-77 


Camoity of boiler, 1381*87 cub. ft.; capacity for water, 306*7 cub. ft.; capacity for Btoam, 454*5 
cub. ft. 
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Figs. 931, 932. 933, «bow tbo Woolwich Factorj boilon. The number of bmm tnl>ee. 337 : 
length of breas tubes, 5 ft. C in. ; outside diMneter of brass tubes, in. ; actual weight of boiler, 
19 tons 2 cwt. 3 qrs. 8 lbs. ; actual weight of water, 1 1 tons 3 qrs. 7 lbs. 




TotoL 1 

1 Esefa 

aomtual a.r. , 

f To esefa foot 
1 of Grsie. j 

Heating-surface in tubes 

sq. ft. ' 

1 12I3-2 

i 16*84 

26*08 

„ „ furnaces, Ac. 


176*39 ' 

2 -4S 

3*8 ' 

Total heating-surface 

11 

1 1389*59 

19*29 

29*88 

Area of fire-grate 

»♦ 1 

! 46 51 

•646 


Capacity of combustion-chamber 

cub. ft. 

121*84 

1*69 

2*62 

Area at throat of „ 

8i|. in. 

1075*0 

14*93 

2311 

„ through tubes 


1337*8 i 

18*58 

28-7« ' 

„ at mouth of uptake 


888*0 1 

12*33 ; 

19*1 


Capacity of boiler, 1384*87 cub. ft.; capacity for water, 395*7 cub. ft; capacity for steam, 454*5 
cub. ft. 
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Stationary BoiUrs . — Tlio boilw shown in FiffH. 034, 935, was by A. W, WilliAinBon 

and L. Perkins for very hit'll pres«uro Htcnm with ex|)AUsiun. It aupplies otcAiu to an 

engino of CO ii.f., which works at (i pressure of 500 lbs. to the Mjuare inch. 


» 34 . •». 



The boiler consists of a number of horizontal straight wronght-imn tubes A, welded at the 
ends, and connoctod with one anotber by smaller vertical pipes B. These tul>OH contain the water 
to bo evaporated, and the steam, whilst the Are is outside them. It U essential that the larger 
tulx*s bo borizontal nr nearly so, and that each of them be eonneotod to the next tube by means 
of two of tho connecting-niiiea. The boiler contains 6ve layers of the larger tul>c-H of in. 
internal and 3 in. extemal diameter; tho oonnecting-pipeit are } in. internal and lj| in. exteriiH] 
diameter. In working, the wiiter>Ievel is in the middle layer of tubes, as shown hy the dottesl 
line in Figs. 934, 935; it remains free from the violent undulations which occur fro»|uently in 
boilers where the iutemnl sjwce is not divided off. It is probahUi that a circulation establishes 
itself in tho water, which rises with the bubbles of steam through the vortical connecting- 
pipo at one end of the tube, and descends by itself through that at the other. The gases from 
the Are pass backwards ami forwards between the layers of tubes, as shown by tho arrows in 
Fig. 935, and remain long enough in coutac't with them (o allow of a very good ausnrption of tbs 
heat. In another similar bolh^ used for some time, there were eight layers of tubes above tho 
flro. The Isiilor is thus miule im of a number of vertical snlMlivisions arrangLd side by side, each 
containing five to eight parallel tubes. The several sections are all eonnc'otiid together at the 
ladtom, hy romtis »»f a cross tube (’, with connecting-pipes to each section, through which tho water 
finds tho same level in all Die soi’Uons. 'I'he stcnui is taken otT thniugh a similar cross tube D at 
the top of the l>oiler, with a connecting-pipe to the highest tube of each section. All the section.^ 
are provcKl with water pre.ssure up to 3090 lbs. tlio M|uare inch. 

The boiler 1ms about 12 sq. ft. of gralo-surfac»*, but the total area of the air-si>ace8 between tho 
haw does not amount to more than is supplied by 6 sq. ft. of ordinary grate-surface; and accord- 
inglv tJie fire is largo hut slack. The total Loating-surfaco amoutits to 8K2 sci. ft. The capacity 
is afx>ut 40 cub. ft., half of which is water-space and half stenm-MMim. The whole boiler is 
firmly held together bv east-irun girders, and enca.sod iu nun-conducting sides and top made of 
four thiek'uesaes of light plate riveted htgether and kept alxuit ^ in. a|)art by ferrules, so as to 
form throe olotM.<d oir-chamher^. This arriingement is bitecially odapte«l for marine boilers. 

The fltie from the Uuler Ls made to pass through a lx)X containing tho three cylinders of the 
engine, possiug first down the Hiiiall or high-pr<-ssure cylinder, then up the middle one, and finally 
acting on the low-pressure cylinder. Tho U-mperature of the gases in this box varies from 4f>d- 
to btiyS Fahf. After leaving the In»x, they pass downwards thnmgh a vertical tapiore Hue 10 ft. 
long, giving up their remaining hi»tt to the Wd-w'ntor which is forced up through a wrought-iron 
coil of l-iii. pipe contained in the flue, having 290 sq. ft. of heating-surface. At the bottom of 
this flue the gases enter a vertical iron funnel of 40 ft. height and 24 in. diameter. The heat is 
so completely abstracted by tho feed-water coil, that after leaving it the gases havo never been 
found hotter than 100' Fahr. 

This small quantity of heat in the chimney gave sufiieicnt draught to cause tho evaporation of 
fi) cub. ft. of water an hour in the boiler ; but by the aid of a small fau, driven by a belt from the 
main shaft of tho engine, the evaporation was usually kept at 15 cub. ft. an Lour. The evapora- 
ting power of the boiler was tested by moans of a water-meter, an«l in an experiment of 5 hours’ 
duration 890 lbs. of anthracite coal evaporated 420 galls, of water, which is ulsmt 10} lbs. of 

2 II 
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wmior llio III. of coaI. There in nn ihmht tliftt n lanrer lK>iler with nmftll proportionate low of beat I 

by noUatioii to the outer nir wouM jjive a still mori‘ fnvniirahle rt^niiU. |( 

Fii;. h3G ie» an elevation, au<l Fig. h37 a plan, lM>th in section, of Thomaa Dunn's vertical boiler. jl 



a in tho shell, 6 the ^te, e the fire-box; Man large pi^ which is kept full of water, the com- 
znunication bc>tw<‘en the a'nter-.Hjiaco surroQiuting tlic fire-box Iteing effi'cted hr tlie hraneh pijN^a /' ; 
to the outHido of the tube h the inside of the firc-lsix, are riveted ^ nr angle irons, to hold 

in |K>!(ition the fire-clay or other slabs ahoan in Fig. 937 ; these slabs and the tnl>e t fnrm tho 
partition to separate tiie U|>-dmught from the down-draught ; and the fircMrlny of tho slal>a when 
red-hot ignites the smoko, and consumes it before it arrives at the tine u ooiniDuuicating with 
tho chimney. 

Dunn’s vertical boiler with two firo-grah** is shown in FIith. iKiS, 030. <i is the shell, ?> A tho 
grates, c tho firo-l^ox, ilividul In tlie centn? by tho two water-|mrtiti<ms W, W. the sjmee l>elwi»en 
which forms the downi-flue. The up|H?r end of the partitions W, W, is mrtinlly closed hy a per- 
forated fire-clay top W', the object of which is to ignite the infiaiiimaole gaw% and to prevent 
tlie pas.><age of smoke into the down-draught flue. At tho Isittom of the down-flue an> plnctsl the 
tniMW V, through which tho feed-water passes, and is thus partially heated in passing to the 
Doiler. 

Figs. 940 to 944 illustrate a very novel and useful arrangement, introduced by Hawksley, 
Wild, and Co., of Sheffield. It consists in huilding a furnace for puddling, heating iron and steel 
or other material, inside the boiler-flue, thereby utilizing the waste heat. 

A is tho steam-dome : U. fumoce-door, tho dcs.>rs are placed nn both sides of the furnace, so 
that it can l>e wurketi as a right or left haml fimmce, nr, in case of long forgings, right through ; 
C, firing-bole door ; D, fire-briok’Iining of furnace; K, fimiaco-l)«l ; F, slag-bridge ; G, tapping- 
hole for furnace-slag; U, hi*at-retainer for furnace-neck : I. circulating water-tubes; K, flange 
arrangement, for expansion, contraction, strengthening, reducing flue, and retaining tho luAt. 

Uobert Daglish and Co.'s multitulmlar boiler is sliown in Figs. 94A, 946, 947. A, A, is the stop- 
valve with safety-valve. It stonnwlorne, C manway and cover, D chimney and damper, E steam- 
gauge, F water-gauge and gauge-cocks, G fecd-valVc and pii»es, ' mnd-holo for clearing out. 

Samuel Smart and Co.’s vertical syphon water-tube Imilcr, shown in Figs. 048, 949, is of 
simple construction, c«>n«istiiig of a cylindrical shell with internal cylindrical firc-liox. from ilio 
crown of which the water-tulK« are suspended, hanging free into the fire. Every part of the boiler 
is easy of access for the purpose of cleaning ; and os no strain is thrown upon any part by expansion 
or contraction, the ttiljcs being fixed at one end only, the boiler is lcs.s liable than many other kinds 
to gi?t out of order, ami a great source of ex|»ense. in tho sha)>c of repairs, is thereby avoided. 

Into each of tlio water-tnbe.‘« a syphon is intorted, which extond.s down into tho water-space of 
tho boiler a shart distance l^eyond tho ends of the tubes. Thceo svphons act ns circulating tubes 
when the Itoiler is at work, supplying the water-tubes constantly with water from the water- 
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OMiQg, vliere it bM a tendency to keep cooler than in the upper part of the boiler, but by meaus 
of the circulation through the ^yphoiis the tom}M>mture itt crjualucM. 

Tho tul>ea uitocl umler onlinary cirrumataiicea, in Btatioiiary and tuarine lK>iloni, are of an 
extemui iliameter of 1| in. and in., with tho exception of tho jKirtablc boileris in which ampler 
tubee arc used. 





949 . 



i^ortable. 


In the portable boiler. Fig. 1H9, the wnter>epace imrrounding tho fire-box is omitted for tho 
sake of Ughtncaa, and the hanging tnbc« are auiiply enclosed in a sheotdron casing which carrit'S 
the ftre-grato. The central due is carried down below tho grate, and a watcr-aiiacc of the aluipo 
of an inverted cone U constructed aivnind this flue, with short lateral flues for the escape of the 
smoko. Into this wator-spaco the ends of the syphon tubes are taken, and the action will be 
precisely as in the stationary boiler already described. The bIow-r>fr cock is situated at tho 
bottom of the conical water-6|)ace, and into tfic bottom opening of the flue the exhaust-pipe of the 
engine is fitted so as to close the opening, the nozsle of the exhaost-pipo terminating just above 
tho lateral smoke-flues, and the exhaust steam is by this arrangement made to produce a powerful 
blast. In coses where oven titis central cone aihU bM> much to the weight of the boiler it is 
dispensed with, and tho circnlation and blowing out is provided for by means of a peculiar 
arrangemeut of ta'o-wnv cocks, and the boiler is made without any water-casing at all. 

By using very small tubes in those boilers, a large amount of heating-surface can bo pnt into 
a very small s|)ace : ami as the boiler contains only a small quantity of water, which is made to 
circulate very rapidly over a large surface in very thin streams, steam is generated in a few 
minutes, and aith a good blast in the chiiiiQcy a quantity of steam is supplied for any length of 
time. 

Howard's boiler, Figs. 9.10, 951 , 932, 953. consists of a series of vertical tu1»e«, 4 ft. 6 in. long and 
7 in. in diameter, of wruuglit iron, welded, and closed at the upper end by flat plalt^s less than 
half an inch thick weMi-d in. UounJ the lower end of thest; tubes a heavy ring of caid iron with 
two projecting lugs is fixe<l. The tiii)e is nmgheneil at the lower end for a length of about 4 in., 
it is then placed in a mould and the metal cast about it. There results so }H'rfect a union that 
the tube and the pipe are virtually rcndenil one. The tubes arc disitoscd in transverse rows 
in a flue intervening between the furnace proper and the chimney. Tno lower ends of all the 
tubea iu a transverse row are unite«l by a cnsi-imn tube about 10 in. in diameter oiitsiue, and of 
considerable thickness. This tulw is further strengthoned by transverse p<‘rfnmle<l partitions. 
It will bo soon that on the up|>er side of iwch cost-inm tul»e, flat pieces, or |»cdestals, aro cast. In 
each of these is turned an annular groove as wide as the end of the vertical tiilio is thick, say | in., 
and of considerable depth. The ends of the vertical tubes prmect slightly iK’yond their cast-iron 
base rings, and this projection Ats into the circular channel before referred to. The end of tlie 
tube is turned off in the lathe. 

In two opposite oumers of tho squares or pedestals on the casi-imn tiilio, recesses aru made, 
and into each of these is slipped a Inavy gun-metal tapjH'd nut. These nuts can be drawn out 
or put in laterally, hut they arc held down by the cast inm of (lie )>o<lestal which overhangs them 
on three sides. The base rings of tho vertical tubes have lugs ra.'it on them, which, when tho 
tube is put in place, corrcsistiid with the gun-metal nuts to which they and the tube with them 
arc secured by two bolu, one on each side, screwed inV> tho nuts. Before the tube is put in place, 
a ring of composition, made of h»ad ami tin, is dropped into the annular groove, and on this tho 
end of the tube rests; and Is-ing forced down by tlie two bolts at opposite sides, makes a joint 
tight at any nn^iiro which the tubes can tfustain, and yet one which may be ma<ie and broken 
ten times in tne day if nec«'H.<«arv’. 

i'lacli tulx) has within it an Internal one, similar 1<> that inlnMlu«-ed by (>cle, rising up titrotigh 
the water-s|iooe, dividing the water into onmilar ami ccntml cr>himus. The current of heated 
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RHsei impinging; upon t)io tuhe^ causos the water in tlio outer Hpaeee to ritfc to the top and flow 
anm to the bottom of the inner tubes ; in consequence, a most active circulation ia kept up in 
every part of the b«»iler. 

Fn>oi the upin^r omU of tho tuiiea a short piece of welded caa-ptito risen. TliLs pipe .vrvoa to 
carry off the steam to tho mnin att-am-pipe. Between every aouhlu row of g^eneratlng tubes ouo 
■te«m>pipo is fixeii horizontally, and tho short tubes aro bent over by an easy curve am] serewi'd 
on to the sides of tiieso secondary steamqnpoa. AH tho S(«oudary pi|>eii ojk'H into one Iar{?e pipe 
running at right angles to tltem. On this U the safety-valve, and to a flange at one end the 
stmm-pi|>e to the engine, or, where more boilens than one are used, a branch of t)mt pipe Is fixed. 
The eflect of this arrangement is that the generating tubi^s aro only aecurud at one eud, and can, 
therefore, oxisuid or contract as they like without imposing any strain on any part of tho boiler. 
The st(*aui-pi]>e8 are also free to move as they wish, the cun'e in the siiiail pi}>ea fmm the 
generating tube providing suflicient elasticity to luiMri any demands which aro likely to bo 
made on them. Ine cast-iron bottom mains can exiiand and contract os they please, and in any 
diroclhm. 

'J'he manner in which the feed-water is introduced will bo easily comprehouded. >lach trans- 
verso main has its own supply-pipe. 

The furnace oonsists of the flrc-chaml>er proper, which routains the grate, covokhI by a heavy 
briek-arrh. In front of this is the tul>OH7haniber, answering very much to the hearth of a puddling 
furnace ; and under this last the flues are returned befiiro going to the chimney. It is one of the 
distinguishing principles of this boiler, that no joint of any kind is es|>osod to the action of the 
fire, (»r hcah^l prrMiucts of Cf»mbu8tion, while tliey retain a temperature much above tltat of 
tho steam within the boiler. In order to carry out this object, tho tiers of vertical tubes are set 
as follows :-»Thc tramiverae cast-iron mains rest on side walla, and a central wall which estabUshes 
a wheel draught ; the mains are fixed rather cIcsK’ly together, and, as soon as they aro put in place, 
cast-inni platens are laid between them on flanges or ribs cast on the aides of the mains for the 
purpose; on those aro laid bricks and fire-elav to such a height as to cover the junctions of 
the tubes with the mains efiTcctually ; the lower half of the mains project into the under-flne# and 
alfsorb the last dregs of heat from tho gases on their flight to tho enimnev. On tho upper ends of 
the tubes wrought or cast-iron plates aro alsr> laid, and these am coveitw! with six or eight inch<si 
of sand to keep in the heat. By taking off the sand and removing n couple of plat(*s, access may 
always bo had to the interior of the tubo<chaiuber. It will bo remarked tliat the whole tub(^ 
stcam-spaco and all, belug exposed to tho heat, its upfior ixirtion would bo liable to rapid 
destruction. To prevent this a prt>vision apparently insignificant, but really very imfsirtant. Is 
introduciHl, in tho 8bn|>c of certain screens of fire-clay, which oxtend across tho tubo-ch^ber and 
protect the upjior portions of ilic tubes from tho iiu}»act of tho flame. 



Fig. 954 is a longitudinal section of one of Thomas Dunn’s l>oilcrs. Tho lower pr»rtion of this 
boiler is at right angles to the upper portion, and is oontainod in a chamber or pit of fire-brick ; 
the prodnets of oombustion on leaving tho fluo surround the lower |>art of the boiler, A, B. C, aiid 
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onrap© to tho chimney l»y the flue B. In thi« lK>ncr the flre-l>rick bridcre rwite upon ft hollow per- 
fomted CAst-iron cb«ml»er, within winch in a nlitlini; wcdtre block : thU block in now shown open to 
Admit air behind the bridge, and it onii be ehmed from tlie front of tlie boiler by the handle and 
rod shown in the figure. The pipes for heating the fee«l-water are placed in the floe ; and aa 
theae pipes nre cunnecteil to the upper and lower aides of the fine, there will be a oonatant circu* 
lation in the feed-water nipea, 

Charles T. HoArdmaii s armngeinent for a boiler eonsisls of two cylindrical boilers A A, Kiga. OSo. 
U5<1, placed side by side, and chic inclioed tubular b»)iler B, arrangtxl below th«* near portions of the 



cylindricAl boilers, to whicli it is fa«ten<-d by the water-legs C C. The object of this arrange- 
ment is to provide for the ooUccting and retaining of the sediment contained in the water in tins 
coolest portion of the genornting apparatus. An air-«bH,*t and a mixing-<‘UamU*r H bkr the ml- 
mission of air from the ash-pit, to mix a-ilh the gases of combustion, are alw) iKCuliar to this 
lH>ilcr. D D are walls for setting ; K the pier; K, connected jtarallel upright walls; the return 
flue: U. the firo-idaco: I, J. the brhlgo-walls ; >i if, flues. 

Fig. J>57 is a longitudinal vertical wetion of the Fii ld boiler. 'riu> fiiniatc is constrtirbsl of 
brickwork in the oidinury manner, a large flue or ehamlx*r being formed at the bock, into ami 



ihmugii which the heabd products of combustion |mu»s to tlie cliimney. Across tliis flue or chniiilier 
nro nlnocsl a number of ineline<l cast-iron tubes o, connectcfl by tlniigetl joints with Isdts and nuts 
nt their higher extremities to & longitudinal cast-imn tul>c \ constituting the main stenm-siiace. 
A corresponding longitudinal cnst-in»n tnls% similarly ooimtcb'il to the lower entU (*f the incliutHl 
itih(«, and prc*teoled hy luickwork from the direct action of the pmibicts of combustion, si’rvos as 
an etjuivalent ft>r the water-casing emj»loyt*d in the onlinary vertical Field boiler, and con.stilnk'S 
a recentacle for the collection ami do|M>sit of sediment. Tho under-sidcis of tlie inclined enst-irem 
tubes have Ixisaes cast U)m>u them, ns sliowii, and tapt>ring holes are Ismsl, into which the wroiiglit- 
iron J-'irtit tnhe\ if, are driflt'd in such manner tliat they Lang down into the flue. Chi the ui»|*er 
|mrt <»f the inclined pipes are fr>rmcd a number of boiKH^s, tlirough which holes are drille«l above 
each of the Field iulK-a, and rather larger in diameter than the hitter, thus afTording ready mtnus 
of access not only to them hut likewise to otlier parts of the interior of the Iwiler. Kach Iwdc is 
closed by a ta|iering plug, secured in its position by two liolts and nuts. The radiation of heat is 
preventeii hy iron plates resting on leagea alsjvo tho inclined tuixw, and <N»vercil with ashes. 
Cast-iron plates are placed across the up|K*r and lower |)arts of the flue, for directing tlur course of 
tlio products of comlmstioii, so that they may impinge iu the most efficient manner u|*on the Field 
tulw«, llio cirenlatiou of the water in which is of ii very js-rfect olmroctcr. 

Wright’s diagonal scam boiler is shown in Fig. It will l>o oli«ervc<l that in this boiler no 

three ci>rncrs meet ; this renders the ls>ilor much stronger than tlie onlinnry straight Miiiii lx>i]er. 

Figs, fl6|, show aoofions of Hawkslcy, Wild, ami Co.’s single-flut^, and Fig. IHJO cn*ss- 
section of their doubh^ilned Iwuler. 'J'he flu*' is slrengtheiu<l by tlangiug tho smaller rings of 
plate; each flange in this tin*' is an ex)uinsioh-jojiit, which allows the srpamte rings to ex|tand 
and contract without inerr'asing the Btenm u|sm tho ends or t-hell of the boiler. A, Fig. IN»1, 
shows the combustion-chamber. 
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Bfartin Donson's hi^b-pretumre boiler is shown in Fiffs. 9C2 to 0r4. Fi|?. 9>>2 U n front eleration, 
allowing the receiver and circulating |>ump; Pig. 1H»3 is a longitudinal section of the boiler; and 
Fig. a transvotiie section at right auglos to Fig. 0G3. 

The boiler is composed entire) v of tulxw, A. Fig. 903. armngCMl in a aeries of horizontal rows oveT 
the fire. B B are doorways at the front and liock of the boiler, for fixing, disconnecting, and 
taking out the tubes. C, rig. 1M>2, is the water and steam receiver ; D the circulating pump, which 
draws its supply of water from the receiver C,and U worke<l by the small donkey-engine K aliovo. 
P is the main snpply-pipo from the circulating pump, to which the lowest tubes of each section of 
the boiler are connect^, (i is the main delivery-pipe, to which the top tubes of each section arc 
joined, and into wliicb the water and steam together are delivered from the tubes and thence 
dischc^ged into the upper {wrt of the receiver C. 

The steam generated in the tubes is driven up with the water through tlic tubes and dis- 
charged through Uio piiM G into the receiver C, where the steam and waU>r are sejiaratcd : and 
the water is then again taken by the circulating pump and returned into the tnlios. In starting 
tiic boiler, the receiver is supplied with waU-r un^ its level reaches the fifth or sixth row of tubes 
from the bottom, as sliown by the dotted line : as the circulating |minp is standing still at first, 
in oonsetiuenco of liaving no steam to work it, the slide-valve is allowed be lifted off its face by 
the pressure of the water, and lets the wat«>r flow past the pump direct through into tiie lubes. 
The fire is then ligbtctl and steam raised from the water in inc tubets wliich starts the circulating 
pump to work. 
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ISonaon’s Iwilor wna first hitrnjuceil in the United KtAtee, but the (»no we hmye deteribed Uas 
T or mnnv ji'nra eupidiod steam fur a G(KUJ\ steam-engine at J&iuee Iluseell and Sons* works at 
Wednesbury. 

99i. MS. M4. 



steam ns it is generated, thereby providing dry, and, to a con- 
siderable extent, Nnperbeoted steam ; and nt the same time tlio 
action of this boiler is to throw a thin body of water to the 
li€ating-surfac4M, by which means shorn is rapidly gi-uerated 
by a small riuantity of conoentnited boat. 

The boiler, Fig. is the one which Ijonder ond Child 
construct for small pur})oscB. It has a cast-iron vertical case, 
with a copper cone or shell : the supply-tank is fnrroe«l nmiul 
the cose and sides, and is heated by tbe flues on the reverse 
side. Uy this mi'nns much of the heal is utilized. The boiler 
shown in Fig. 9t»5 is usunllv hiahnl by gas when not more than 
2-horse power is required, hut this boiler is easily arranged so 
that ordinary fuel may bo employed. 

Loromativt JioiUr $. — Wc give, with some alterntions. the fol- 
lowing illustrations of locomotive boilers from Zerah Colburn’s 
valuable work on ^lioeorontivo Engineering.* 

In a locomotive Itoiler the outside and inside fire-boxes arc 
made, the fonuiT of iron and the latter of cop|»cr. The water- 
s|«ce l>ctwcen them, niHl which completely suirounds the inner 
fire-box, is closed at the 1»ottom by a square bur. This l>er is 
lient and welded to the tinqicr form, to ext<<ud ar»uml the 
bottom of the inside fire-iM>x, nn<l it is riveted and tightly 
caulked to both fire-boxes. The water in the water-spaces is 
in free oomtumiication witli the rest of the water in the boiler: 
and thus the flat sides of the res|H*ctlve fin*-lioxes ar<* exnnsjsl 
to the full pressure of the steam, which tends to burst the outside fire-l>rx. and to invHap^ (he 
inside firc-wix. These flat sides, by themselves, would be unable to resist the strain uivm them; 
but as the strain n|Kin the r<>|M<ctive firi^lK>xes Is iu opposite directions, and ni'CcsMirily equal 
fi>r etjual areas of surface, tie-lxilts, or, as they arc called, stay-bolts, ait» screwed through the 
plates at frequent intervals, so as to eonneot the two tin^buxes M'cimdv together, the cimIs of the 
stay-lsdts lieing also riveted, or spri^id out by hammering so as still further to incriasc their 
holding pfiwer. 

The fiat top of the iiisidc flre-liox is of course ctpially weak with the sides. It e«mld not l»c 
Mitisfaetorily wciirc<i by stay-bolts to the roof <if the outside fire-box, and it Is stiflV*iie»l. therefore, 
by a serie.s of iron bars, plaonl on cnlge. and of eonsideinble denlh, and w hich are flrndy con- 
nected to the r»H»f or cn»wn of the inside fire-lM»x by rivets. Tlie roof, therefore, enn only be 
crushnl dfjwnwards by Ix-nding these bars, which ar»* ftf great slrengtli, at the same time. These 
bars usually extcml in the direction of the length of the fire-liox, as shown in Fig. but they 
nuiy extend aemas it, as shown in section on the roof of the inside fire-l)ox in Fig. ‘.HIT. Th^-se 
stay-bars bear on t)ic fire-U x only for a sliort dLstauce at each end, iron rings or washers Udng 
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interpoeed between them nnd the roof-plate at the |ioii)tfl where the Holta or riveta which aoenro 
tJie b&ra paaa through. Thia the wati'r Ut cinMilatt^ under thu Ixira, and preventa the roof- 

plato from being burnt, na it would be if the water were excluded from the whole uuder-aurfiice uf 
the atay-bara. 

•« 6 . 



A hoHzontnl grate of thin and deep liara ia fitted aernaa the liotto'iu, forming the bottom of the 
and a door ia made to o|ien into the fire-lMix from tlie foot-jdate. Tito o|jC'ning for the 
tloor haa to l>e made through the platea of both firc-la>xe» ; and in onler io kwp the wnter-apace 
tightly elnaed, a ring of iron, of which the inner diameter correaponda with that of the door, ia 
riveU’d bt'twcen t)ie otitaide and iuiride plnUti. 

Thin bra^ tut>ca, generally 'J, in. in diameter, and frmn 10 ft. to 12 ft. long, aro employed to 
conduct the hot gaaea from tlu; fire-1a>x U> the ohiiuuey, the numbirr of tubes varying, according 
to the aizv of the engine, from 100 to 2<t0, or more. The arrangement of theai^ tfibca, the up]>er- 
moat n>w of which ia covere<l bv fniin 0 in. to 8 in. of water, ia shown in all our atsdiona of 
hiconi«>tivc boilem. The front plate of the inaide fire-l>ox and the front plate of the cylindrical 
portion of the boiler art* accuntUdy drilled, to reetiive the emla of the tul^ which paiw through 
the plab*s and are ma<le steam-tight within them by mt'ana of fcrruliti <»f wrought or coat iron, 
which are driven iuh* the emla of the tubes, so oa to force them tightly into contact with tho 
interior surfaces of the holes in tho tubtsplates. Kueb ia the tightness with which the tul>e-enda 
are thus sec«m>d in their plates, that not only ia there no leakage of waU‘r, as long as thu iointa 
arc kept in good order, but the tubes starve as ties tf^ prevent the respective tulKJ-pIates frt»m being 
forced outwards, as they otherwise woubl be, by tho pressure of the steam. Through that jtortion 
of the b(»iler above tho tnlies a numl>er of tie-bolts extend longitudinaily from the amoke-ljox tube- 
plate hi the back-]>lato of tho fire-box, to hold these plaUsi together against the pre^'ture uf steam 
tending to force them apart. 

The tubes lead into a close*! cliamlH^r, formed upon the front end of the boiler, and called tho 
smoke-lsix. Although tlie smoke-box has a removable door in front, this ia tightly closed when 
the engine ia ready for working, and then there is no inlet of air to the amoke-laix except through 
the tuU‘8, and no outlet except by the chimney. 

Ih'fore steam ia raisetl, and when the lioiier is empty, it ia first filled wiUi water to thu height 
of a few iuchi*8 above tiie fire-box, by means of a Immh! conm?ctHl with a cock placml on any con- 
venient part of the laiiler. In order to know when the water is at the right height there arc two 
gauge-cocks fixtni in the liook-platu of the fire-box, towanls the engincman's foot-plate, the ouo 
airk a few inches above, and the other as much below the pro|icr level of the wah^r within the 
boiler. These c<x*k8 liavo sb^am-tight fittings connecting them with a gla.*ui tulie, withui which 
the water, Imving free actvss from the lM>iler through the lower cock, is fn-o t« rise an<l fall, tho 
surface of thu water in thu glass lieing under the pressure of the steam, fretdy adiuitUsI from 
Uiu boiler through the unpi^r rock. The water within the gHUg4*^Inss thus has the same level as 
tlmt in the Uulur ; and the engiiicmnu has only to look at this glass to see whut the height of thu 
water is. 

To prevent cinders and live mnls fmm falling tlirougb the fire-grate upon the line, and jiartly 
for another reason, an is fixed beoenth the firo-l>ox, ami a few inches <*ff the rails. 

It is often im}iortant, w hen the engine is standing, to prevent any access of air b» the firc-l)ox : 
and hence thu ash-fiaii is made to fit tightiv to tho iiru-liox on all imt the front side. This side is 
o|)uned or close*! at pleasure by a hiiigecf plate, callc«l the damticr, which is adjusted by a rod 
wr»rked from tbo fout-plale. When thu engine is running rapidly, with the dain|H*r o|iun, a slight 
iulvantago is also gnituHl by tho rush of air into the osh-^iao. At 00 miles an hour, ur 8H fi<*t a 
sicfUul, the pressure of thu air against thu iimving surfaced would b*» over I ox. a wjuan- hich, or 
0 Ills, a sipinre fimt. For countries where much snow falls, it Is necesaar)' bi have a dam|»i*r also 
at the liiml end of thu iish-{Hin, as otiicrwLa* it would soon Iiee^nnc choked with snow wliun there 
was more than n few inches iii «lupUi of this upon thu gruund. In going forward, the front 
dauijier U then closed and thu htud one opened. 
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The pariiculare wo bavo jnst ^vod are well illniitmted by 9GG, which in a section of a 
boiler desired for a goocU looomoUvu by John Uamsbottom. Fh?. IKiC also shows the stoam-dome 
and tdoara*pi]>e. 

Fi^. 9<i7 indicates the typo of* boiler nsed for passenger looouiotives by the Rogers LooomotiTo 
and Machine Works, U.8. 


MT. 



Fig. represents the brdter designed by Josopli Ib*nttic, and ui«e<l nn the Ixmdon and South- 
Western Railway, for burning coal without sinoke. The fire-lx>x is divided by nn inclined water- 
partition into two comjiartments, each having ito own door, Hre-gmU*, ash-jiaa, and dnm|>cr. Tim 
principal tire is maiutaiued in the box nearest the fistt-plate. The giises rising from the coal are 

. 9W. 



met by a nmnber of fine streams of air entering thmugh the jierforaUd door, nml l»oth the gas and 
air rise through a grating of fire-clay tiles into the upjKT |wrt of the soeond fire-lKtx, on the grab* 
of which coal is burnt only slowly, with a slight uiid earefully-rcgulatcd admission of air through 
the front damper. 

The lutDghng air and gaws are deflecUd downwards bv n luinging water-bridge, over a fire- 
brick arch and tlirongh a series of fire-clay ttilses into a comliustion-chamlier 4 ft. 6 io. long, from 
which more than 375 small Isiiler-tubtw lead ink) the smoke-box. 

The boiler shown in Fig. IHW was deigned by John Haswcll for the Austrian State Railways, 
It is um>«l in siH'i>-gmdietit Ioe«imntivefl for curves of 275 ft. nuliiis. 

Fig. !»70 shows the form of Ixulcr oon8tructe<l by James Cittts for ]>assengor engines on the 
8t. Ueleu's Railway. 
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Fig. &72 U the type adopted on the South-Eaatern Railwoy for roaUbuniing onuplotl paaaoogor- 
onginea. 



Of all the ixiilorM we have CDumcratod^ none is superior to the Whittle boiler. 

See CON‘DKNSKItfl. CoRXISU ExOIXEA. liCTAII.8 OF KnOIXES. EnoIXEE, nirielies of. Ex1‘LO> 
R10N8 : JtoHer. Oeartno. Incbcrtatiox of lUnfern. Joints : rieeUd. Locomotiveb. Marine 
Engincr. Parallel Motions. Pyrometers. Slide-Valves. Htationart Engines. Steam 
and the Steam-Enuinr. Valves. 

Works rdatitvj to Boilers : — ‘ Report of the Committee of the Fmnklin Institute on the Strength 
of Mntorials for Steam-BoUers,’ l^biladclphin, 1837. U. Armstrong, ‘An Essay on U>c Boilers 
of Steara-Engines,* 8vo, 183D. T. Wicksteod, ‘ On the Cornish, Ifeulton and Watt Pumping' 
Enginea, and Oylindriral and Waggon-head Boilern,' 4Ui, 1841. T. Oaddock’s * Chemistry of the 
Steam-kinginc,' 8vo, 1847. B. H. I^rtol, * A Treatise on the Marine lk)ilorw of thol'niU'd State*,* 
Philadelphia,' 1851. Armstrong and Bourne, ‘The Moilom l*raotiec of Boiler Engineering/ 
crown 8vo, ]85ti. A. Armengaud, ‘TraiU* Thw>ri<juo et Pratique doa Moteurs h Vapeur,' 4 vols., 
4to, Paris, 1861-2. B. F. lidierwood’s ‘KxperimentAt Researches in Steam Enginooring,' 2 voU.,4to, 
New York, 1863-05. F. A. Paget, ‘On the Wear and Tear of Steam-Boilers,' 8vo, 1865. N. P. Burgh, 
* MMem Marine Engineering,’ 4to, 1867. V'. Pemlred, “ On 
Water-Tube Ik)ilcrs,** Hvo, ‘I'rmns. 8oc. of Engineers,* 1867. 

Zerah Colburn's * I/vnmntive En^eering,' imperial 4to, 1869. 

W. J. M. Rankine, * Maonal of the Steam-Engine, crown 8vo, 

1869. 

See also papeni by Dunn. Colburn. Rassell, Perkins and 
Williamson, lA>ngr»dge, GorKlfellow, Spenoor, and others, in 
the ' Transaetiona of the Inatitnte of Meehaiiical Engineers,* 
and pajiers by various authons in the ‘Trans. Inst. Naval 
ArchiteeU.* 

BOILER-PLATES. Fit, T6U a ehaudi^, rtofe; Ger., 

A'esselplattrH ! ItaL., Z<rmierii da ealJaie. 

8c« BRii)Gr:«. Riveted Joints, Strength or Materials 

or C-ONffTHrCTION. 

BOLSTERS. Ftt., /Jshzm/ws, perfotres ; Gm., Lochscheiben ; 

Ital., Cuscineito. 
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Bolster. — In carpentry, a short piece of wood, Fijf. 974, interptiacd horizontally Ijetwcen the 
head of a fioat and a hcam which it support#. It in alnn calh.Nl a coH»t‘piece^ n# it nliortciis the 
l»earinK l>cttwt?on tho pmtn. The chief use, however, of a liolnter in to prevent the head of the |»o»t 
crushing into the jmrt uf the lienm which rexto on it. when the latter in heavily luadetl. Bolntera 
are generally used in tim)>er brid^ea, nuiamin’ Mraffoldin^, and ao tm. 

The term bolster has also been applied to tho pieces of timber placed ncroaa the ribs of the 
centerinfT (4 an arch to aup{x>rt the vouaeoirs : but those ore more generally known by tlie name 
of Aif/r/jH./*, for which see CKSTraiKO. 

BOLTING MILL. Fb.. Btutoir; Gkr., BmUlmtihle; Ital., Buratto^ FnsUfme; Spas. Cedaso. 

See lUits MACHisEnY. Floub Mills ami Floi r Maciuseby. 

BOLTS. Fb., Geh., VJo/ren ; Ital., CAiorf* <i pemo; Spas., Grilhs. 

8e© Nuts and Bolts. 

BOND. Fb., Appareil^ Assemhlaga ; GrR., JfattcrccrAand ; ItaL., Lejamento dei mattoni. 

Bond is a mode of connecting ta'o or more bodies by overlapping. 

In BrtA'kteork and M iSfjnry^ it is the mode by which a number of small pieces arc combined to 
form a laigc mnas so that no point in a course shall occur over a oorrespondiug joint in the next 
course, which is termed broaking joint. 

Bricks aro usually in length almnt twice their width, and in thickness nltout ono-thirrl of the 
length. For bonding, however, the lather dimension is not of innch importance, providpd it is 
uniform in all tho bricks of a coiirw. 

V’hcn a brick is ao placed in a wall that ita ^atest dimension is at right angles to tho face, it 
is called a holder, and when parallel to the face it is called a siretchrr. 

The methods of bonding brickwork generally adopted in England, aro known ns Old English 
Ikind. Flemish Bond, and, to a limited extent, (»ardcn-waU Bond. 

In Old Ei^glish Bond, Fig. 975, a oourso of headers alternates with a course of atrclehers. 

In Flemish Bond, Fig. 97b, headers and stretchers are placetl nltemaUdy in cocA course. 

lu Oarden-wnll ^nd, Fig. 977, one header is placed nt tho end of every three stretchers in 
each eourae. 

Of the three mctlirsls of lionding, the Old Englisli is the strongest, and takes less time to 
build than Flemish Bond : tho joints are more uniformly broken than in the others, fewer bats 
or broken bricks are ny|uirod to make the work solid, it contains more headers, and consequently 
there must be a bettor tie between the face and h^rt of the wall. 
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Old English Bond. 
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Garden-wall Bond. 

3 Bk.1. 


Figs. 978, 979. 980, 981. and 982, sJiow sections of walls in Old English Bond, from one to 
three bricks in thickness, with mode of bonding the heart of such walls. 

Flemish Bond is considered to have a neater apjK^mnee ; and iu cases where a wall is faced 
with bricks of a superior quality, a less number is rwiuirwi than In Old English Bond, 

Fig. 983 is a couiwo of bricks laid in Old Englisii, and Figs. 9H4 and 985 arc courses laid in 
Flemish Bond: in the former the bricks all fit close together, and none of then> rc(|tiiro to be 
bioken, or smppc<i, as it is termc<l. except the closer, the reason for wliicli will be explained 
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prosontly. In the Inttor the hendora imwt cither he snapped, as in Fig. J>85, or the heart of the 
wait tillul lip with smalt pieces of bricks, os in Fig. U84. 


9S3. 984. 



Gantcn-wall Bond U, os ttio term implies, chiefly used in the onO'brick walls so frequently 
seen botWH-n the l)aok-TardB or jpirdens of town rcsidcnrcM. The necessity of preserving a fair 
face on both sides of the wall is the cauM^ of this Ixind biding used, as, owing to tlie diflleulty of 
prortiring bricks all of one size, it is impossible to build a wall one brick thick in which mth 
of the sides can bo workeil fair, in either Knglish or Flemish liond, particularly the former. 
This is shown in Fig. 986, which is a course of headers laid in English Bond. 

985. 


Fig. 987 shows how, by the use of Garden-wall Bond, this irregularity in the rise of the bricks 
is rcmicrt**! less apparent. 

Onc-brick walls are frequently built in Flemish Bond, but one-balf of the headers require to 
bo snap|M<d, which leaves no more cross-tie than Garden-wall Bond, while tlio longitudin^ tie is 
not so gootl. 

In half-brick walls stretchers only arc used ; this is called chimney Ixmd. 

In Belgium and north of Germany the system of bond used is that called KniisTcrboBd, 
Figs. 988 and 989. 

987. 988. 



KrukSTerband. French Mililary EngineeiV Bond. 


Tlie hemling and stretching courses arc as In Old English Bond, but tho alternate stretcliing- 
courocs break joint, while tlie joints of the corresponding lusiding-coimies fall one over the other as 
in OM English Bond. As mon; of tho joints are brr>kcn than in the other method dcscril>e<l, 
this bond is considered to bo the strmigeiit of any. It does not, however, present so uniform an 
appearance as tho Flemish or Old English. 

The »ench Corps du Genie prefer to build tho face of their walls with all headers, as in 
Fig. 990; but to obtain a tie betwe<'U tho face and In^rt of 
the wall, they place alternately in each course a half-brick, 
nr 6rd, as shown in Fig. 991. 

Tills inodo they assert has the advantage of offering 
more rt^sistance to dlsniption than any other. Tho luugi- 
tudinnl tie, however, is not so complete ns in the English 
and Belgian svstems, tho joints Udng about one-tenth more 
numerous, and tho waste occasioned by cutting tho bricks is 
greatly to its disadvantage. 

Id the heart of a thick wall it is considered advantageous to lay occasionally a course of bricks 
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in a direction inclined to the face, m in Fig. 092. It is known by tlio name of Diagonal Bond, 
and when the direction of the brick is reverb in the next course this system wlds strength the 
wall : but it is attended with the disfulvautagu of having to cut tho bricks to fit the back of those 
on the face. 

Fn»in the fact that bricks are made in widtl) equal to hnlf their length, it becomes iioc<*ssary, 
in order to break joint between the bricks of two adjoining couwos, whether they be laid us 
headers or stretchers, to inst‘rt a quark^r-brick in one of Uiem at starting. This is calUd a king- 
closer, and is usually insertcnl in Old English Bond after the first brick is laid in the luatling- 
course, and in Flemish Bond after the first hotulers. They are shown in Figs. 975 to 977. 

In the French, and sometimes in tho Belgian methotU'of bonding, the same result is obtained 
by starting one of the two ailjuining courses with a strutcher cut to Ihreo-fiUorU rs of tho usual 
length, railed a qneen*closer. 

The bond adopted in AaAiar masonry is similar to the bond usrsl in brickwork ; closers, however, 
arc seldom used in masonry, as tho stones in tho courses can lie cut to any length ro-iuircd to 
make a porfuct bond. 

W3. 993. 




In walls of mhhle masonry from 1 ft. to aliout 3 ft. thick, it is usual to have at intervals of 
from 4 to 6 ft. a stnno called a thorough, which runs from the hark to the front, and so hinds 
tho wall together; but in thick walls, owing to the gn^t length of the stone required, two stones 
of as great length ns can bo prorur('<l are made to lap in the middle of tho wall ; uiel in very thick 
walls, whore stones cannot ne found long enough to lap in this way, n thint stone h. Fig. 993, 
calbd a tail or Arurt 6uni, is used to connect the two bond^stmes or binders in the face of 
tho wall. 

Various sp«<*ial modes of bonding have been adopted in works of masonrj* where great strength 
is n^piired, as in sea-walls and similar eonstructions. That used hy Bmenton in hnilding the 
Fsldystone lighthouse oonsiaitKl of a system of dovetailing and dowelling, for n detailed dt^ription 
of which the reader is referre*! to his account of this great work. J4eo CoxsmrcTiox. Masonry. 

//omZ-Cburjc. — A course or borixontal layer of some material built at intervals into a wall in 
order to strengthen it. 

^’hen of brickwork, and built into mbble-stone or flint walls. It is termed a lacing course. 

In brick walls built with onlioary mortar, two nr thrc<! ermrsea of bricks in cemmt are some- 
times laid below the Auor-Iino of the basement st«»ry of dwellings to prevent damp rising. In this 
cose they wouM l>e railed a damp ominn*. 

Formerly, courses of woo«l*bond, calUd chain-bond, were mnch nstd in building where there 
were usually one or more tiers U) each sV)ry. The size was nlxtut 8J in. wide by 5J in. high, or 
ojtial to tho s}>oce orcupuNl by a course of brickwork two bricks in height and two in width. 

These botul-timbers went all rnimtl the walls and crnss-walls, and through openings, from 
which tl>ey were afterw'anls cut out. They were oonnertetl at tl»e nugle^ and no doubt tondwl 
much to strengthen the building for a time ; but sooner or later decay set in, and the «b*atruetion 
of the building was the consequence. Timt ami the incifOMMl danger fron^ the effects of tire ren- 
dered cUain-hond objc«etioDabIe, which has in later years causfKl it to l>e almost al>andone<l. 

(kumnon bond of fir, 4^ in. wide by 2) to 8 in. thick, is now more geuerally used, less as a 
Itnnding-oourso than a means of fixing battens or other fluishinga which arc nailed against tho 
wall. 

When common bond is use<l solely for fi.xing battens, it is called rtin^fing-hond^ and is usually 
placed at intervals of from 18 in. to 3 ft., acc<*rding to the strength of the Iwtkns. 

Though common lx>nd is open to tlie objections urged against chain-hon<l, but in a lesser 
degroi!, its use is prcferal)le to plugging the walls where much of the latter is reejuired, or even to 
the insertion of wixnI bricks, which are only short pieces of oomimm Imnd alxmt Uiesizoof an 
ordinal^ brick, 'fhe act of driving plugs shakes tho wall, and destroys the mUw»ion between 
the bricks and mortar, and wood i)riekH shrink in time and dnip out. 

Hanging-bond should project a little beyond the face of the wall to permit a free circulation of 
air at the Ijaek of the Imttens or other work which has been fixnl to it. 

Cotunton bond is usually described in Hpe<*ificatious tc» be put all round each story in one or 
more tiers; nil joints to be prcqMjrly lapped nt least d in., and the angles halve«l and notch(*<l or 
oogge<l. No bond-timber should be i>crmitte<l in an underground story, as iU decay would bu 
more rapid and the danger to the brickwork resting upon it greater than in the upper stories. 

When walls require strengthening by the use of bond-courses, Amp-irtm is much to be preferred 
to wood. By its nso Isamljart Brunei, in 1835, managed to construct two half-arches of brick- 
work in lias-lime mortar, projecting 40 ft. from each side of a single pier, without any support at 
the other end. 

Although only 41 ft. wide on top, after another 20 ft. in length had been added to one end, a 

o j 


Digitized by Google 


482 


BONE-MILT. 


coimtenmi«c of 2SJ Uins was addwl to the other; yet it boro this onormona weipht for upw^a of 
tiireo yoart), and oroholdy would not then have (riven way if it had not laam for a conaidcrable 
aettlement whieh hatl taken place in the foundationa. Cracks ap|icored in the work, and, the wet 
gettinf^ in, it expwukici during ft ai'voro frost, and »o caused the failure of tliis wonderful p»«e of 
construction. . . , » » • ^ e 

Scverftl pieoeaof hnop-imn, IJ in. wide and ^th of an in. thick, were used; also pieewof fir. 
1} in. Hiiuare, which did little more tlian assist in retaining the hncks until sufficiont adheaion 
had taken place with the mortar to alhtw the hoop-iron to take effect. 

Hoop-iron bond had also l)Ocn ns<d hv Brunei in the lurg‘‘ circular shafts, 50 ft. in diameter, 
leading to the Tluunes Tunnel, which were built aljore grouml. and lowcreil into their places— a 
depth of 42 ft.— by excavating underneath, an operation succesafully ix-rfonned without a crack 
or flaw, which was considered to l>e due in a great measur«> to the use of the hoo|>.iron. 

To prevent d»«av when in contact with the wet mortar of the walls, the hooj^iron should be 
well coatM with a mixture of tar and pitch, and afterwards with sand. Tlic form in which it was 
most generally used in building is that known as Tycrman’s Patent Hoo|>iron Bond, from 
14 to 2^ in. wide, and from No. 6 to 
No. 15 Birminglinm wire-gauge in 

thickness. It is preijorcd from the - ^ — ^ ^ 

ordinary hnoji-iron hy notching it at 
intervals of 12 in. on both sides al- 


temately. Fig. 994, and turning in 

succession, in contrary directions, a . , . . , i ^ * n * •« 

triangular piece, so as to form claws, which catch in the bnckwork and effectually prevent its 
being drawn out by any force short of tearing the iron aimnder. In modem practice, however, 

the notching has been considered unmeessary. « #. • u • ki 

Tiers of two or more htrijMi, aocortling to the thickneas of the wall, laul at every 3 ft. in heignt, 
have been considered sufficient in most ca-Hca. The mode of laying each tier is to place a rtnp on 
every half-brick in tlie thickness of the wall, continmnl over the whole length of the work, repfd- 
less of oihcnings. ns in woisl-lsmd. AfU rwards the parts across the ojK-nings are cut ao as to leave 


n short piece protruding, whicli should be tumwl down against the face of thejairt6. At all junc- 
tions it should bo lapped, and the pieces carefully hooked to each other. , . , 

In footings or in thick walls expow-d to great stmitis, strips of hoop-iron should bo laid diagon- 


ally, interlacing with those laid in a longitudinal direction. , , » . a 

Bonding-courtws of dreased stono have been used with advantage; they altould be cramped 
together at each joint. ... . , , . , , - * i # 

The ancient Komans used n large flat tile, about 2 ft. long by 18 in, wide, laid at intervals of 
about 4 ft. in height. Bonding-courses of this description, however, are more applicable to rubble 
masonry than to block-stone or brickwork. 

B<m(i\n<}-hr\cki are bricks of greater length than those of which the wall is built. Ihcy wc 
used in hollow walls to tie the two faces uiethcr. Their length should U? as much longer than 
the onlinary brick as the sjsicc over which they Isind. 

Some very effective bonding-hricks have been introduewl 
hy a London manufacturer, the ends of whieh are of a dovetail ^ — * r 

shape. Fig. 995; and, when* the precaution is taken to cut the / \ ^ ^ v 

adjoining bricks to fit, nothing can bo more effective. / 

These bricks are usually made non-abs<irlK*nt, by being \ y — M } % 

glazed, so that damp cannot be conveyed by them from tho \ / Mm7 ft 

outer to the inner skin of the wall. V W ^ ■ 

When ordinary bricks are used in this way for Ixmding, 
they should be dipped in boiling pitch, or tar, to prevent the damp passing from wall to wall. 
BOND-(X)rKHE. Fb,, Chaine; Okb., Aund; ItaL,, Catena. 

Pee BoM>. 

Bt)ND-TIMBEK. Fr., Piece d’anKviliUtge ; Qeb., Binde HUhcr ; Ital., Catena. 

Sim* IVoxD-CoiBsc. Fib in Bono. 


BONF/-MILL. Fr., M<»*Un a o$; (iFB., KnachenmuMe ; ItaI.., Frantnio tMle o**i. 

The mill invented bv E. P. Baugh for grinding bones, ores, and other hard substances, is shown 
in Figs. 99(5 to 1001. Itaugh’s improvements refer to that class of cast-irou grinding mills, the 
cutting and triturating surfaws of which are made in the fomi of a frustum of a cone. The shell 
and burr are r»mstructed of a number of cast-iron grinding sections, fitted anti behi together in a 
{wculiar mannef (which will be d<i«Tibe<l presently), so that the sections can be readily removed 
to make way for others ; the dn ss of the mill being thus rendend changeable to suit the substances 
to be groiinil ; while tho mill itself is more economical, both as regaitls its original construction and 
its lasting propertii*, and the variety of sulwtances which it may be arranged to grind, than mills 
of the ordinarv construction. The grinding sections of the shell are backed by an exterior casing, 
between which and the base, to which the casing is secured, art* w»nflned the sections, so that tho 
latter can be readilv disoonnccted fn»m the mill. Tho several sections of the burr are secured to 
fi block between a lip or ring, or other projection, at or near the lower c-dgo of the latter, and a 
ring fitted to tho vertical shaft, w hich carries the burr so that the sections can lie iradily detached. 
The ring, which aids in securing the grinding aections of the burr, has grinding teeth formed 
thereon, and a breaker or .dirrer is fitUd to and turns with the vertical sliaft of the mill; provision 
l^ing ramie for rendering it easily detachable therefrom, ao that different fenus of breakers may 
1)0 applied to the mill. Certain detachable sections are uaid, acting in conjunction with the 
breaker for preliminary grinding ; these sections lieiiig fitted to and backed by a casing, and held 
in position by a caiKplafe secured to the same, and carrying the bearing for the vertical shaft 
which carries the burr. The vertical shaft, with its burr and oilier appendagea. are supported on 
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A sliding: step oontrolled bj a lever and an ailjuxtaUc weiglii, whieh tendn to elevate the burr, bitt 
is limited in this tendeney by a screw or other mljuMtAlde stop, the burr by this artnngemeiit Wing 
iuaintain<«l in the desinu proximity to the abell, but being prevent'd from coining in cnntAct 
therewith and injuring the grinding surfaces ; the burr, at the same time. Wing at liberty to yield, 
sliould a piece of iron or other refractory mab-rial find its way between the grinding surfaces. In 
order to rtxluce friction and facilitate lubrication, a double cone of steel is tnU'rprMKHl between the 
bottom of the vertical shaft and the bottom of the step in which the shaft turns. 

Fig. U9C is a half section and elevation of the iinprovetl mill; Fig. is a sectional plan of 
the upper portion of the mill : Fig. 998 is a similar view of the lower jmrtion ; and Figs, 999 
to 1001 are details, which will bo referred to hereafter. A i« the hase-pluto of the mill, sccurwl 
to a foundation B, and on this plato are fitted suitable U'arings a a for the horizontal sliaft c, 
the latter being furnished at one end with a fiy-whecl, and between the bt^ariugH a a are fast and 
looao ^mlleys bb\ At the opposite end there is a Wvelled pinion F, gearing into a Wvebwlieel 
(t, whVh is so Hccnrefl b» a vertical shaft H, that both must turn together, while the shaft is at 
liberty to slide op and down through the boss of the wheel. This shaft has ita lower Waring in 
a step I, shown on a larger scale at Fig. 1001 in a casing V, and which is secured to the b^c< 
plate A, as are also four columns J J. which HUjiport tho tower plate K of the mill and its 
superstructure. 

997. MS. S99. 



To the vertical shaft II is secureil the burr of the mill, which consists of the block L, of cast 
iron, and the dclachable cast-inm grinding sections e, tho Mock Wing of the form, or approxima- 
ting to the fonu, of the frustum of a cone, the sections coDforming in sha|HJ-to that of tbe hlnc^ 
anti being secureci thereto in the following manner Round the lower edge of tho block there is 
a ring f, and against the inside of the upjKT projecting p>>rtion of this ring iKar the lower ends of 
the dciarbablo cast-iron sections s, the latter Wving at their upper ends lips or Hunges bearing on tho 
top of the block, and confined thereto by set screws or bolts A. The form of wich section is sneh. 
that one section will fit accurately against the adjacent section, the whole of tiie sections thus 
forming a continuous grinding surface. 
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Tho Bhd] of the mill aIbo oonBintH of a nnnilK>r of mst-iron erindin^ scetiomt t\ fitted toother 
cilge to Aiid baokeU by an outer ciMiinf; M, of the form, or nmuTixinmtlnjf to the f«>rm. of n 
fniBttim of A rone, to which cnning the taVtionit Are aihI hy which they are held in plac**, the 

lower end* of the KH’tionj* l>eltig omtluHl lietwivn the tliingo J of the CAKing M, aiuI the flftnjre k 
of tho CABt*irrm ring N, by bolta m, which iwviire together the cawing and the ring, the latter 
Wing confineii to tho plate K by holta n. In tho proM-nt instanco tho caae M ia carried ii^iwardw 
in the form of an inverletl fruHtuiu of a cone, ami ia lined with ih'tachablo caat-irou Hcrlinnii /<. 
which are h«*ld in place bv the ca|>-plHt4* atK'ured to the hip of tho caaing M'. thia plate luiring 
optmiiiga $», and a central 7 , throTigh which the shaft li passes, and in which it turns. 

A htationary nut Q, conn<'cU;d to the boas of the cni>-plate 1’, receives a screw K, ilie up|M'r 
end of which is provided with a hand-wheid 8 . It will W seen that the shaft II has a feather /, 
adapteil to a gniove in the block L of the burr, and to a similar groove in the ring g of Fig. 1000, 
aUiTo which a sh'evo T is fitted to and turns with tho sliaft, as it lias a groove to n!eeive tlic 
feather. To the sleeve is fittid what uiay W tcnne<l the breaker. Fig. which consists of a 
Im>ss 1 ;, having one or mort' projections a, the sleeve having grooves a^laptcd to kevs or feathers 
in the Isish of the bnaknr. Fig. Both tlie hnaker 1’ and the sleeve T, as well as the ring 

g and the hnrr, are eonfintvi hy a nut 0 adapt(*d to screw titnatls on the vertical shaft H. 

Tlie footstep Uaring I, previously alhulcd to, consists of a cast-iron box, arranged to slide in 
the cylimlrical casing V s»vur«l to the lM»c-plate A. and is fumihhrd with a steel bush r, in which 
turim the lower end x of the vertual shaft H. Between the Isittoiii of the sliaft and the bothsu 
of the hush intervenes a double cone x\ of hardened steel, made somewhat leas in diamekr tlmii 
tho shBfl. os shown clearly in Fig. 1(K)1. 

A lever W, {nssitig through a slot in tlie casing V, is liinge<l at one end to a pin on a stud y. 
seemtHi to the casing, and bears against the under-side of the step I, the lever Wing eimnectcHl st 
its opiMMite end by a link X to a lever X', which is arranged for receiving a movable weight, and 
is hiiigtsl to a bracket Y, secuitd to tbe plate K ; a set screw. 2 , ndapUHl to a nut on a stand. 3, 
secured U) tlie liase-phite A. serving to limit the upward movement of the lever X\ 

Prior to setting the mill in motion, the lever X' is so weighUd as to more than Imlsnce the 
vertical sliaft U with its burr and breaker, so tlmt the said shaft may linve an upwanl tendency, 
which, however, is lituitcil by the set screw, 2 , the latter deWrmining the distance ajart of tin* 
grinding surfaces of the shell and burr. By this Arrangement the grinding surfaces are luaintaim'il 
in suftlcient proximity to each other to act properly on tho mab'rial to W ground, but will not 
(vmm in enntart with each other; at the same time, should a piece <»f iron or sWcl find its way 
lietwoen the grinding surfact^ the burr and shaft will yield and prevent injury to the mill. 

The shaft H and its burr and bri'aker having been caused to revolve in the direction of the 
arrow, the bonea, qiuuiz, or other iimterial to W groiiml, are jiassed through the ofS‘ningM«s in 
the caji-plnte P, to the conical siiace hounded by the detachable sections />. Here, by the combined 
action f»f the teeth or dress on these sections, ami the n'volving hrmker the material is fracturcl 
and reduceil to comparatively small fragments when it has reachtd the ring g ; by tlie coiijbtne^l 
action of the twth on tho p**ripher)' of w hich ring, and those near the lower portions of the wetioijs 
p, the materia] is nducid to a condition which penuits it to enter tho s]iaee between the grinding 
iK^riions e of the burr and those of the alicll. As this space lieconu's gradually uaitowit townnls 
tlie lower end of the shell and l>iirr. the material becomes gradually reduced, and finally leaves the 
grinding surfaceis in the desirwl pulverizetl condition, ami falls into the sjiace within the ring N 
on to the slightly concave surface of the jdato K,* where it is acbMl on by the revolving sweep, 4, 
the latter eau.’iing the discharge of the ground material through a spout. 5, into any suitable 
nx^cjitacle, 

Bv making the grinding surfaces in sections, not nnlv can lv>th sliell and burr be made truly 
rountl, but tho teeth can be made of the most irregular ciiaracter; for instaucc, the teeth or divw 
can W forimd by grrxivos crossing each otlier, or somo of the grooves may be straight, some curved, 
others diagoDal, according to the nature of the niaterial to W on. An indefinite nund>er 

of changes nuiy be made in the character of the dress when this mo<le of constructing the grinding 
surfaces of conical mills is employed, an important advantage, os the dm» must W mmle to suit 
difierent materials, and in many cam's diflirrent qualities of the same material to bo ground: a 
dress for grinding Wnes. for instance, would be unsuitable in some respects for grinding quartz : 
and in oj)cniting on oilier suWtanccs it may bo advisable for the dress of one section to differ from 
that of another in the same mill. It will thus W se« n that tbe character of the mill may be 
entirely changeti by a simple and sin'cily change of sections, and tlmt when the hvth of one or 
more sections have Wcome worn, broken, or otherwise inoperative, their removal, ami the intmilur- 
tion of new sections, renews the mill, whereas an ordinary cast-iron mill would, under similar 
circumstances, have to l>e discardo<l. 

In renwiving the grinding sections, the screw R plays an important part: for should it be 
desinxl h» remove tlie sections 1 of the sludl and the si'ctions c of the burr, all that is neceswiry 
is to first detach the nuts of the bolts m, bsison the nuts of the lv>lU n, and tho nut r, and then 
ojsTwte the wheel 8 , so as to cause the end of the screw R to bror on the top of the vertical 
shaft H, and continue to turn the screw until the entire shell of the mill is elevated so far a.<to 
)KTmit the withdrawal of the sections of the burr and shell and the intrisliiction of others, after 
which the shell is lowered by turning the screw in a contrary direction, the nuts of the bolts « 
replaced, and the nuU of tbe Iwdls a, as well as the nuts r, tightened. 

Should it be noceasary to remove the sections p only, the nuts are detached from the bolts 
which confine the cap-pinte P, and the latter U clevnU*<l aliove the mill by o|icrating the screw R 
when tho secliniis are at lilierty. After elevating the ca{>-plate clear of sliaft, the nut r, 
breaker a, and ring 7 , may be reailily removed. 

It has Ixs-n fouml. after re|>eete<l cxficrimcnts, that the double cone ^ performs most efficiently 
the duty of distributing to the lower U-ariiig the oil contained in the space between the bottom of 
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Ujo Khnn anO the bottom of tbo »to|> I, nt tbo saine time pit^vcntinj' undue friction at tlio point 
fiubjcctul to the ^renWat shnrkN nml intnuns. Tliia mule of interiKwiu}? the double enne Itetweon 
the bottom of tlie Nhaft and the bottom of the stop mny l>o appliul to the lower boAriiit^s of all 
vertioal shafb^ to the pivots of ewine-bhd^es and tum-tablca, and other objects Imvth^ n vertical 
benrinf; to which Ki^^at Htruin.H are Hubjoctul. 

For grinduKT some mntcrinU it U not essentinl that there fehnuld Ite a aiiptcrstmcturo M', and 
dctrclialde MK^tiona p, or a breaker above the shell M, a simple hopftcr bein^ in many rattes all 
tliat U nocessary to receive the material and direct it to the priutlinu: surfaces; the latter, too, 
may (fur grindinK some maU^rinln) straight instead of curved. It is preferable in nu^t cases, 
however, to form teeth on the ]srii>hery of the ring >/, as showm at Fig. 1000, so that it may servo 
the twofold pur|Kise of aiding in the preliminary* or tlnit grinding, and of keeping tlio sections c 
of the burr in place. The li|is of these sections f. mny, moreover, lie dispensul wiUi, the ring </ 
Iteariiig directly on the upper uigesof these sections. The casing M, too. may lie made in secti**iMt, 
or the grinding siH.'tioiLH nmy be Isieked nr held together by a suitable system of metal bumU. See 
AoRKTi.TrnAL l>n-ij:»iKNT8. p. 12, Fig. 27. 

BOOT-MAKIXG MACHINERY. Fn., AAirAoics a /m>c U'tlxAUt; Geb^ JfusoAiac zur An fer^ 

tijumj drr Stiefei. 

The introduction of the sewing nmehine greatly riicilitatul the oporatioiut of l>not and shoo 
manufacturera, and other workers of leather. The priucipnl lenther'sewing machines will be 
found in our article on Sorin^j Miichinc-^. Rut other 
lMN>t and shoo making niachities niKl tor»l<i are also 
employul to economize labour in this impnriatit 
branch of industry, the most useful and iin])ortant 
of which are intrulucwl under the prcheiit heiul. 

Fig. 1002rf^prcsents(>jmson’suincl)ine for paring 
the edges of heels and wiles of IxHitsaml shoes. This 
machine consists of two stamlnrtls A w ith a stretcher 
B. a driving-shaR D whicli gives motion to a 
spindle c driven with higli vebicity ; on this hpindhi. 
discs or circular cutters E are H\ed ; the Ixsit nr 
shoe is held against the cutter, tlie up|iers being 
pnitected by a loose gminl which runs in between 
the upper aud the sole. These machines arc easily 
wnrketl ; a man can pare at one of them twenty* 
four dozen pairs a day ; they are fitted with an 
additional couuter*shaft for gaining s|iee<l, an that 
these machiuea may bo worked from a shaft of ordi- 
nary speul. 

A primary operation in boot-making la that of 
cutting ienther into strips for soles and heels. Jean 
Pierre Mollicre's mnehiiie for efb'cting this U showm 
in Figs. 1003 to 1005. Thu leather lieing ]>1 hu>< 1 
upon a table A, it is slipiied under the frame: the 
traveller K being one of the extremities of the 
apparatus does not hinder this being done. To rut the wlgo of the leather straight, the leather 
is kept in puaitUm by means of a rider M, which U a piece of iron with a longitudinal groovo 



1003. 



in it, in which the curved knife-blade or chised O works when the ruler is down; and at each 
end of tile groove is provided an opening into which the traveller K can puss. 1 ho mler is 
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C»»erned by two gpriug-roiU N buritt! iu the tbioknosA of the table, and whow aprings always tend 
to keep it laiaed : these rods ore coimocted under the table by a yoke P attachul to a treadle 
not shown in the figurea. 

When the Uftther is ptiHlied under the rule, the treadle is dcprcsaod, thus pressing down the 
rule and keeping the leather firndy tn its plnee. The haudle It is then mot'e^ throwing the 
|iart8 for n>oviug the chain into gear, and thus ttetting K in motion and ciittmg the hwtiier. 
Arrives! at tl»e emh the traveller encounters one of tlie fingers 8 attached by levers T to a rod Q, 
forces it forwanl, and throws the chain out of g»?ar. thereby arresting the traveller. The traveller 
is then let up. which will allow the springs \ to throw up the ruler M, so as to let the leather 
iiaas, which is then cut stmight. 

The aorkmau pulls the leather 
towards him until its smooth 
nlgo comes up to the two pins 
3. and then the ofs-ratinn just 
deweribed is rejK'aksl. 

In pr(‘[smng leather for 
upi>ers ujioii C. Ric*? and 8. H. 

WImrf’s plan. Figs. lOOU to 1(K»H. 
the skin is first intrmlmxtl be* 
twoeu the fmi-rollers A. B, of 
the splitting meclumisni. and by 
them is fore<sl against the knife 
C; tlie upper portion of the skin 
split by tlte knife C jiasses towards and t>etween the draught>rollers D. E, which move it foranrd 
Udwwii the roller F anrl a ms|«*r (r, witich latter nmghens the un»lcr-surfac<» of It. From lha 
rasiHT the h-ather move* over a guide-bar W, l>ctween the presKure-roUer I ami the perforating* 
roller H; and finally it passes between the ndlor, and a brush K, which latter revolves through a 
vessel L coutaining eeiueut, and applies the Cfuneiit to tlie roughened surface. 

A machine for cutting out 1 wk 4 and shoe aolea, int-cnto«l by J. W. Hatch and Henry Churchill, 
15 illustraUMl hy Figs. 1000, 1010. A is a shaft carrying at its lower end a shoe B, to which a 
punch C is secuntl : shaft A Is providtHl w ith journals which fit in Ismw s«'cure«l to the fmnl of 
a slide P, which, fitting in vertical guides in the framing of the machine, receives a vertical reci- 
prorating motion frr)m eccentric pin /), Fig. 1010, on the end of a driving*shaft Q. 

When shaft A reaches its highest (sisitum, a spur-wh<H‘I K mmes to gear with a toothed 
aegmeut F’ on the front of a lever F : lever F has its fulcrum in a vertical pin a, and, at the time 
the shaft A is at its highest position, a cam I strikes the rear end of th<* lever F and moves it round 
its fulcrum a a sufiicieiit distance to cuum: a spur-wheol K with its aliaft A to describe half a revo- 
lution. 



When the sliaft A is aUnit reaching its highest position, the snuare part of it, 6, rises above 
the guide J, and t)u> mund part of the shaft d comes in contact with the guide, thus permitting 
the shaft to describe its half revolution. 

The Ixsit-form mt^>dnc«’<l hy Chilcott and Snell. Figs. 1011 to 1013, has a clamp E, which con- 
sists of a strip iif Hufiicient lenf^h to reach from the nick at / to the top of the front-piece A. This 
clamp E is prevented from l>eing pulhsl out latemlly by entering a rt'cess ^ in the nick, and is 
secured at top by a lotch A ciitehing a pin i on the top of clamp E. The inside of the s^ip is fur- 
row'i^d from end to end, and the recess in which it U receivc«l is correspondingly furrowc<l to hold 
the material securely. The clamps I, I, fitting to the outside of tlie front-piece and partly over 
the clamp E, arc attached to wrews K K, which fit in female screws in the rtsl L. This rod E is 
fasU-ned at its lower eml k» the Ixittom part of the front-piece. Its upiwr eml is attached to the 
front-niece by a plate P in the manner shown in the figures. The ]ilnte P is fask-ned to the front- 
piec«? ny a screw N, which can bo taki-n out; pins j j serve to hold the clamiw I, I, in position. 

Figs. lOH, 1015, refer to J. and E. Artlnir's machine for cutting uppers and soles from sheete 
of iiulia-rubU’r. ITic endless apron B, which has an inkmiittent motion, receive* the she«*l o( 
india-nihlter u; the cloth J Udween tiia rubber and apron Unng properly wetktl by its passage 
through a wakr-trough F. Two endless chains K carry the die-fmme* d with the heated dies/. 
The tlic-framcs an* pivotnl to the chains at rj, and are carried by the chains through the sk'Ve M 
and over the roller 1). When over tin- roller 1), the sides of the die-frames come uuder stationary 
pink's A, and are in their onwanl motion firmly pressed ui»n the india-rubber, which is thereby 
drawn over the roller 1) at the same spewl w ith the dies. The dies cut, or rather melt, through 
the rub)>cr taking out pieces according to the shiifie of the dies. The pieces an? conduckd to the 
apmn (» hy means of thin fingers (twenty) secured to a swinging frame r, whilst the waste still 
remaining attached to the piece a passes over rtdlcra / and m, aiul l)ctwccn m and n, on to the 
apron o. As soon ns the die-frame, aBer having perfortiifsi the cutting, comes round the cliain- 
ndler 6. the extensions c of the frame will strike and pass under the pin «*, which throws up the 
front |>«rt of the dio-fraiue so as to make room for the du'-framo which jiasscs below. 

In Molliere*s machine for cutting uppers, Fi*r. lOlfi, (* is the piston of the steamTCvlinder 
o|»erating the b«l I. The skins are laid ujnmi the bed I, an«l the cutters, consisting of pieces of 
bent sks'I, placed upon the skins, ancl then steam-power applied to lift and press the table, 
skins, and cutU'rs, against the liearl-block C, so as to cut pieces cornw|ionding to tuc shape of the 
cutters. 

^yith Mollkre’s machine for rasping and dressing heels and soles. Fig. 1017, tho operator 
applies the Udtnm of the sole first to the Usd T, for the jmrjsise of having the rough |»arts of the 
leather and the jags of the nails taken ofiT ; the side is then appli<>d to the Uvd /. rjkI the het-1 to 
a ksd r, to finish the dressing. During the whole of the operation the tools are kept turning 
verj* rapidly. 
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Fip«. 1018 to 1023 refer to Molltere’ft mAcbinc for cutting out, punching, unij stAinpinp solen. 
The cutting out, pricking, and stAinping. or miinberiug of the hIzg of the tthm*, done at one 
birtvr, by meAiiti of puncherii cr, of the Kiiape of the eole ami heel, proridcMl with prickere </, and 
•ian)|m 0 and P. m m and o are the dota<*hing*r<xi«, the rode m working through holes A in the 
puoching-frames ; the punches arc operat«*tl by oecentrica upon abaft L. which eocentrica are 
80 set tliat the puncltes will, one after the other, arrive at their lowest or punching |vwition, ao as 
to distribute more njually |»^iwcr and n'sistancc. When the ptinrhera patia upward, the picoea of 
leather encounter the r«.Kls m, which are Mtationary, and ar»? detached by them frruu tlie punchtn. 
The ro«l Q aervea as stamp, and also as detaching>nHl for the heebpicecs. Tiie workman holds 
the strip, and puts it under the puncher; but, ns this must bf> done with great rapidity, the 
hrather finds itself guuhxl and stop|MMl iu euch n way that it can be instantly moved into its place. 
The guides to efloct this consist <»f two pieces r, forming the sides of a sifuare — r>nu of which is 
gmduateil, and has ou it the imud>cr8of the sizes. As the puncher is always in the centre, these 
guides must be govoniwl by a single movement in their approach to and retreat from it. This is 
done by the following mechanism: — Two pii'ccs 8 slide ou a guide-bod, and have an oblique 
gns)Vo, iu which plays a pin fixed to the guidts* r ; these two pieoiw 8 arc counected by the croas- 
tie f, and controlled by tltu screw u, whic^ being attaohed to a bracket. canse« the traverse i of 
the piecca 8 to move forward or l»ackward, so that tlic pieces 8, hy their oblique grooves, push 
forward the guides. The stopping-piece .r is sup|:>orte<i u{S)i] a small axis e ; it is kept down ii{M>n 
the leather on the flat by tb(» counter-weight .v attaclud to the axis, while the puncher is cutting ; 
a spring-caU'h hitches under the pi^M) r, and lifts up the shq>per as fast as the puncher riso^ 
which bwTes time enough to remove the leather that has been cut ; when it gets up as far as it 
can, the piece r, which lias de»cril>od the arc of a circle, lets the catch go; and, being drawn down 
by the counter-weight y, tlie stopjier falls back to its pUce. 


1018. 1010. I03Z 



Horace Wing’s wrinkling or crimping machine, Fig. 1024, consists of a frame B, upon which is 
arranged a crimping-plate P, so constructed os to leave its front end unobstnicte<l. It is pivoted 
at the inner end to a fulcrum-bolt H, and operates! by imitnM of a gear-segment L, attache*! to 
a lever L', engaging with a corresiiondiiig genr-8**gment I on the outer end of the lower limb M. 

Figs. 1025 to 1027 repres«*nl Warren Holden’s bof>t and shoe stretcher. If one side of the ls>ot 
i* to be stn>tched, a kn*»o a is attached to erne <if the (Nirts c, and the oorresponding side of the 
boot ifl proi*orly moistened. The last is th«*n placed within the lioot, and the screw / is turned, 
thus fuK’iug apart the sections of the last, and stretching the moistened side of the boot. If tbo 
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toe of the boot requires strelohinjr, the link d Is disoimni'ottKl by removing tlio screw </'. The 
tumuif; of tbo Krt'w /, in the |Hihition shown by Figs. 1020^ 1027, will ux|)wiul ti»o front cuds 
of th«‘ iiArts, Hhould the iu8to}» re<|uir« 
stivtcliing. the levers j j are plaoe4l in the 
groove t, Ki^. 102j. and the levers then 
expand vertically. Wlien in tin) groove 
the levers ore placed horiz/mtally. 

(Mgs. 102K to 1030 illustrate 11. D. ' 

HoriiHi’s crimping machine. A pieco of 
wet leather having been laid across the 
jaws, it is, by the raising of them through 
the lever 1>, forced uism the crimivft»nn F ; 
hy tlie re|)cated slidiug up and down of 
the jaws on the leather, it is thus smoothid, 
nml embraeta the criiup*form. Should 
there }>u any thin place in the leather, 
and the wrinkle not perfectly removed, 
the nearest set screw d ia turmoil, and the 
wire 66 made to project b»*youd the fact* of 
the jaw opposite ti»e screw. The angle* 
irrin O. clamiis I. and screw-risl II, serve to 
draw tight tm* hither on the criiu|>*form. 

Keferring to Figs. 1031 to 1033, which 
show Daugherty’s bootHrimp, the 8lid(*s 
L H flt loosely to tho arms of the elbow G. 

The nut I is provided with pn>jections a a, 
which extend tip cacli aide of tlie elbow ao 
as to form two iiicliiiod plnm*s which cor> 
rtwpond with the inside of the clasp K, 
whicli claaj) ia perforate*! so as to trnvcrso 
freely upon the screw H, and the inside of 
the arum arc scorwl so ns to gritio tho 
leather ujkui the projections a a of the nut. 

The (Higea of tho leather having beim in* 
aerted b<‘tw(‘«n the slidiw L M and clns^w 
F Q, and between clasp K and nnt I, the 
screw H ia turned, by which means tho 
elbow G is tnovfsl outward, and with it 
the clasps, thereby stretching the leather. 

As the screw is tumcsl, it sli]>s a little on 
the nut, and slides and dmws the clasfis on, so that the scoretl part of the clasps gripes the leather tight. 
The ellsiw, and so cm, are received in a gmove in the oriinp-ooard A, fnrnu«i by projections E and F. 

Thomjison's machino for polishing the sohw of boots or shoes. Figs. It^34, IWh'i, is of simple 
construction, liaving a polisher or polishers 7 A, made «»f Iwme or other pniper umbTial, attae.hed to 
a sliaft/, which has a reciprocating motion iinpartod to it in any desirublu niammr. 




Figs. 103(1 to 1038 represent A. Swingle’s ham! pegging-machinc. By striking with a hammer 
U|)on tho top of an awl-drivcr C, the spring-slider D is driven up into a handle A, splitting a |icg 
from the block which is arrang^ in tue space E between the said slider and the }>eg-woo<l driver 
M; to the latter is im{iarte4l a constant tendency to proas the block fnrwanl by means of an elastic 
band N. The awl E and peg-driver F work through holes 1 and K in the slider, the principal 
object of the slider b<!ing to draw or force tho awl out of tho leather solo, or other articica, imme- 
diately after having been driven into tho same. Q is an india-rubber siiring attached to tho 
lower ond of the awl-drivcr. 
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IIUr« mAcbtno for skivlnf? boot and shoe counters Is reprinted, 1039 to 1041. A lever 
A*, turning horimntiilly, lias its fulcrum upon the upper end of a lever B'. Stnds r/, proiccting 
from lover A', rest respwtively against the middle of the rocker-fmmo 8 and the end of shaft F. 
D’ ttinis upon a fulcrum at and is operated by a foot-treadle below. By meauii of the levers 
A' B'. the clamp-plate K and the rocker-frame 8 are simultaneously moved towards the mta^ 
bod B : the clamp-plate being carried into oontact with tho leather to bo skived, while the knife 
is borne against the thin edge of the clamp-plate and against the edge of the rotary cylinder, so 
that, whatever may be the thickness of tho niece of leather, the knife will be made to adapt itself 
to that thickncBB. At tho same time that tne faoe-clamp is moved towards the cylinder-bed, the 
peripheral clamp will also be bone down upon a counter placed on the periphery of the cylinder 
and between the same and the clamp. 



Figs. 1042, 1043, show Zeigicr's boot-crimping machines. Tho jaws are corrugated, so os to 
work the leather away from the angle of the crimping-iron and into tho foot and of the boot. 
The nuts m serve to stretch the leather upon the crimping-iron. The slots in the pLato K are so 
constructed as, in combination with the segment-gear M and rack J, to move tlie foot of the 
criznping-irnn into or lietween the jaws twice as fast as they move the leg, and to give the foot aoom- 
pound motion which, in combination 1044. 104^. lo^e. 

with the corrugations in tho jaws, 
works the leather in the required 


direction to crimp it properly. 

ollierea machine foi 


for cut- 


J.r. Molliere' 

ting the edges of >>oot and shoe soles 
is referred to in Figs. 1044 to 1047. 

This plan consists in arranging two 
revolving tools Q and A, both of the 
nmo construction, only A being of 
larger size than G. The side of 
the shoe is find held against tool 
Q, placing the edge of the guard- 
plate a bedween the upper and the 
sole. The shoe being thus slipped 
the shoe, the edge of the sole Is finished with the exception of the heel, 
larger tool A, it m: 





ij W1 

^le heel U cut by tho 
ling provided with a similar guard-plate K, in the t«me manner as tho sole. 
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In working CJriffin’s machino for rutting out soles. Figs. 1(M8 to 1051, the operator plarca bis 
foot on troadlo U and moves it up and down, so as to iutpart to thv sliaft c a rueij»rocnting rotary 

>0I». 1060. 1051. 



motion, he at tho Mme timo holding a strip of leather 
on the top eurfare of the table, and against a guide- 
bor z. After each cut, he moves the strip forward 
against the guide or stop bar. Tho carriage I has an 
intermittent reciprocating motion importe^l io it, which 
carries each of the knife-bars K K in succession di- 
rt'ctly undenicatb tho depreHsnr-ber K, which, descend- 
ing thereupon, forces the knife-liar and its knifo P or 
R downw ard toa'ards tho cutter-block, and cuts through 
the leather. Fig. 10,51 rcnn>seDts tho solos as cut nut 
hr the machine. Each anife is elevated from the 
leather hy the springs a on the rods Uiat guide its 
bar K. 



In It. II. Thompson's hand mochinos for pegging, Figs. 1052 to 1055, niotinn is given to a 
slide H by striking upon head K. 'Hic slide U carries the awl and pc^-<lrivcr. The pt^g- 
driver is intended to drive one peg at the same time that tho awl makent the lu>le for the next 
peg, the machine being moved the (Stance from one to the next by a slight pressure of the hand 


1052. 



in that direction, this dUlanco being measured, and this motion of the machine restricted to 
corresiiond, by the spring-siiacer T. Tho |sdnt at the lower end of T, being held down by 
spring W, pierces the leather sufficiently to keep the machine from being easilv moved out of 
place if a slight downward proiamro U exerted upon the machine. Just as the slider 11 eomplctos 
Its descent, the arm O on the slider ojK^rates the tumbler P, the latter taking into a notch in the 
spacer T, and thus withdrawing the H|iacer from the leather at the timo the awl is sunk deepest 
into it. T has also a slight vibratorv’ motion in a groove in the spacer-plate Y, limited in one 
dirtiction by the side of the gnx)vc, and in the opposite direction hy tho eccentric adjusttng-pin X, 
hy the turning of which the travel of the spacer may be accurately graduated. The spacer bears 
against this pin ; the pressure of the hand in tho direction the machine is to move, will, however, 
move the s)Nioer to the opposite side of the groove ; then, as it is rais«<d hy each descent of the awl 
and peg-4lriver, it will spring forward against pin X, and, as the awl he*gins to rise, will descend in 
the same position upon the leather; and when tho awl rises so as to clear the leather, tho pressure 
of the hand in that direction overcomes the spring of tho spacer, and moves f<»ward the machino 
for the next peg. The peg-wood is placed oetween the part G of the feiKlcr and the spring D. 
This spring-feeder is operated by the ncad of the screw V, which holds the awl and peg-driver to 
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the lower end of the slider, end whirh projeeU throwifh n shit in the front of the case, slrikin(;, as 
it dci^cends, n^in^t a bend in the feeder, and it bock so as to giro it new hold ujwu the 

jwg-wood, at Ilk.* time the won»l is held firmly by the cutters and a clamp E. 

With Rice and Whorra anpamtus for lasting and applying aides to shoos. Figs. lO.'iG to 10.58, 
the Side and the up|M*r are first placed together ujwn a last A, the upjtcr being made to overlap 
the outer surface of the in-fwde, and affixed by cement. The whole being thus pre{«rc<l, it is next 
ptac<sl witliin the clamping-bed It, and the jiarts of the latter closed. Tlje platen of the proas is 
<lepresiM*<l, to carry the punches on the under-side of die *e into contact with the jiarls of the upper 
which overlap the inner ante, ao as to make perforations through them, and either into or thmugh 
the inner solo. The platen C is then ele%-ah*d, atid wmenl applied to the outer surfact* of tJiu 
inner inde and overlapping |iarts of the upper. The outer sole is laid uj)on the ci'meiiUid surfaces, 
and the slide G movid so as to bring the die u directly over the last A. Next, the platen is to !>o 
forced down upon the outer aide, so as to press it closidy in contact with the shoe, and expel from 
iH'tween the stdi*s tlie superfluous cement. 

Dinsmiwir and liartk-tt's instrument for chamfering the e<lges of shoe-soles 1s referred to. 
Figs. 10511 to lOGl. The pitxy* of leather is laid upon a flat tahlc, and the blade A and spring- 
preHMir H are borne down siniultnneously u|ion tlie leatlier, while the end of the lovor-gnuge U 
turning u|ion fulcrum d is made to rest upon the table. This done, the cutling-oilgo n of the tool 
is maintained at such an angle from the table as occasion may require, ami the Wk> 1 is pushed 
forward upon and around that portion of the hmtber which is to be chamfered. The frame B is 
fasttminl h> the knife by means of a wedge a. 

Figs. 10C2 to KHH show J. W. Hatch's machine for cutting nut solea. The cutter is attached to 
a vertical shaft, which is pmvidMl with jounmls to work in barings in a slide P, moving in vertical 
guides in a framing C, and receives its vertical recipnicating motion from eccentric )dn a, at tho 
end of the horizontal shaft D. The shaft in this machine makes only about threi'-fourths of a 
revolution in on|vu»ite directions alternately, movement being producoil by a treadle F, which is 
A lever of Uie first order, with iU fulmim </ at the rear end. secured to the fliv»r or to a suitable 
lied-plate ; tlie treadle being connected by a rod v with a wrist 6, at the l*ack of the fly-wheel U 
of tho shaft D. 

While the machine is at rest, the wrist is always held in one of these two jKMitions by a 
weight r attncheil to or cost cm the fly-wheel, the weight r restittg njion one of two fixed standards 
//. In either of thi^o conditions of the wheel and wrist, the treadle is of course raised. Tho 
operator stands in fnmt of the machine, in a convenient ismition for placing the pien^ of brnther 
nr other material in a proper manner U|K>n the table 11 for the action of the cutter; and when ho 
ilepreissos the tri*adle uy his foot, he moves the wheel far enough to bring tlie weight r over the 
centre of the Hliaft D ; but tlie mouieiitum the weight has aoi]uircd in moving to that |>oint carrios 
it {last the centre, and then the pressure of the fiM»t being taken from the tn*adle, it d(*sccmds by 
tile force of gravity until it reaches the other standard, thus completing tho movement of tho 
wheel. This movement of the wheel brings down tho cutter and raises it again, and, just lK*fnro 
its termination, it moves the lever K to reverse the |K>sition of tho cutter hy the action i>f one of 
two projections <id upon one of the prongs cc of a fork on the rear cn<l of the lever. The pmngs 
ssof the fork arc at different olovntions, and tho projections dd at different distances from tlio 
shaft D, to correispniid with the elevation of the prongs ee; tto tiiat when the wheel moves in tho 
direction of tho full arrow shown in Fig. 1(K>2, the projection d may paiw under tlie higher prong 
c and strike tho lower prong c, thus throwing the lover to tho position shown in Fig. hut 

when the wheel moves in the dinction of tho dotted arrow, tlie prfijection d may {Nuts over tho 
lower prong e and strike the higher prong c, thus throwing the lever to the position the revemu 
of that shown in Fig. 10(>3. The movement thus given to the lover takes placo just Ijcfore tho 
weight comes in contact with the standards / /, and is just sufficient to give half a rcvidution to 
the punch-shaft. To keep the cutter-sliaft from tuniing liack too soon, the friction of a bar A is 
applied in a yoke I; on tiio top of the framing, lietweon tho top of the yoke I and the bar A, tho 
lever E works snugly, and the uar is forcetl up against the lever to prcsluco the necessary friction 
hy two india-rubber springs i i, one at each end. Stop-screws j j are also applied to the yoke 1, 
to stop and regulato the movement of the lever. 

Polishing or bumiHhing tho edges of heels and solos with Molliero's machine. Fig. IOd.5, is 

f rrformed in the following manner: — The steam {lasses from tho boiler through a ptp<> x ami into 
ranch pipes x. one for each bumishing-tool p, and can bo let into the hollow shaft I and tho 
cliambor p within tho tool p, by opening the cock a. A number of thoae tools of slightly varying 
sizes are arranged in line, and each tool kept rapidly revolving. The polishing is effi'«U>d by 
presenting the edge of tho sole or heel to the revolving polishing-tool aud pressing it geqtly 
upon it. 

Molliero's arrangement for mounting uppers on lasts is shown in Figa. 1066, 1067. It consists of 
an adjustable frame I and a thuml>«crew G, armed with its tooUi-ctainp H, which, pressing verti- 
cally upon the inner portion only of the heel, bolds the hsi securely in its position, ana gives 
free access to the parts of the last on which any work is to bo dono by the apparatus. 

Jackson's tnachinefor cutting out appers. Fig. 1068, consists of a frame A, to which is attached 
a cross-head E : this cross-bead is raisra and lowered by the action of the shaft in tho centre, tho 
wheels 1 and the levers G. Tho leather is fed in at D on the platen B; tho cotters being fixed 
to the cross-head, and guided in tlieir descent by the indicators T, T. 

Fig. 1069 represents Ellison's bont-bnider, whirh consists of a curved arm A reaching from 
the solo of the foot to the top of the leg L, whore it is fixed. This is used in combination wiUi 
the lever B provided with a iMt-ahapod foot, a handle K and a ratchet C to operate with a nawl D. 

Fig. 1070 shows E. M. Dickinson’s machine for holding uppers. It consists of a forkea clamp 
B, arranged on the frame A, and hinged at one end. It is operated by the lover C working the 
rod d, the yoke A, and the springs i. 


D 





494 


BOOT-MAKING MACHTNEKY. 


Drew's pAttem f*»r cutting Fig. 1071» ennsinU of two pieces of sheet metAl A« B, of 

rectangular form, cnanectwl together by liiuges ; anH two other pieces of the name material 
attaeiuNl to the former in such a manner as to bo capable of being adjusted laterally, one of the 
over-pieces D having a foot portion provided with a wing connected to it by means of hinges. 


l«?t. 1071 



The apparatus, designed by O. J. Warren, for crimping, Fig. 1072, is applied to the bench by 
a swivel process, which permits the whole to be tamed to the right or left as the work proceeds. 
The curved bar G, wbicn supports the fonu P, upon which the leather is crim|M<d, has its groove 
lined with in<Ua-rubl>er Q, which prevents the wrinkling of the leather while undergoing the 
stretching process. A spiral spring is employed to hold together the two parts of the clutch or 
yoke X, ^ and thus retain the work rigialy in any ]jOHition ; but at the same time adapts the 
clutch to )>e discDgagc<l to allow the slmfi to be turned to bring the work into convenient positions 
for the operator. The nut K on the screw k of shaft B is connected with the yoke N through the 
medium of the collar L. ho as to allow the yoke to be turned in4le}M>ndently of the nut. F is a 
sleeve on shaft B, provide*! with a pmjection y, am! is usetl in ctunbination vriUi the notched hub O, 
the collar H, and the spring I. The coupling by which the sliaft B is attached to tlie Ix-nch is 
eomposed of a plate C, secured to the bench by a screw D, and (irovided witli a socket a to receive 
a pintle of a fork which is fastened to the sleeve F by pivots. 

Gustins* movable jock for boot-making is shown in Figs. 1073, 1074. The arms A, /, of tho 
frame A, have supi>orts. os >. for tho toe and heel of tlie boot, and admit of rotation on a pivot at 
A. The l»olt C end tho friction-washer o prevent a too ready and easy movement of tho yoke A 
upon the liolt in a horizontal plane. The crank-stop d, sliding in the blocks with the holes in 
the segment C, Fig. 1074, permit the instrument to be inclined for working purposes. 


1073. 




107S. 



Referring to Fig. 1075, which shows J. II. Bolscr’s machine for shaping heels, ^ is a toe-clamp, 
h its latch fnstenid to a standard c, which is provided with an oiljusting screw/, and attached to a 
shoe-holder A. The knife 0 aorks through a rocker-tube E by means of the slider U, which is 
adjusted so as to act in combination with the arrangements shown at H and Q. The position of 
the heel wliilst Ixung Hhapetl i« shown clearly at G. 

Fig. 1070 shows a side elevation of a machine for cutting nut and pricking soles and heels, by 
Craven and Cnrrnck. of Leeds. The imrts A are standards or framework braced together by the 
table D : G is a sliaft, aetuaUnl by pullevs c througli interme<liatc wheels a, 6. Cams on the shaft G 
impart a recipnxwting motion to the slides D working in V-grooves d. The slide's are connected 
by tho ernes-nead E, to which are securtHl the frames c, which carry the wood blocks and guides / 
and The wood blocks / arc bound with a hoop of wrought iron, and are ndjuste4l in any desired 
position by means of act screws g in the y-mces of tho frames c. Tho piides < 7 . provided with set 
screws, are to prevent the leather from being thrust too far either laterally or longitudinally. On 


Digitized by Googlt 


BOOT-MAKING MACHINERY. 


405 


the table B adjustable frames at are placed, which carry the clips A. These clips support the 
ktiivcs j, and may bo odjiisted by set screws, according to the sise of sole or heel require*!, having 
V-odgos which slido in the frames x. The parts A A are two spring-clips to stiffen tho Iniveo J. 



The prickers arc not slaiwn. but dmply consist of a framework of pricks or needles, of tho same 
contour and pitch as the required line of nails, fastonod to tho wood blocks and piercing the 
leather in their descent. Tho knife J 
and its adjustments will bo aeon more 
clearly by referring to the detached 
plan of the framework t. Fig. 1077. 

The machine being set in motion, a 
piece of leather is placed by tho at- 
teu<lant over one of tho knives, the 
cross-bead descending, tho pressure of 
the wood block cuts the sole or heel 
rM^uired. which drops through the 
knife and the aperture in frame x and 
table B into any convenient receptacle. 

The operation of fastening a solo 
to an upper was for some time the most difficult portion of boot manufacture by machinnrv. It has 
DOW, however, iweii greatly simpliHed by an adaptation of tho sowing machine invented by John 
Keats and W. S. Clark, and termed them tho Crispin Machine. 

The leading features of this machine are tho o<»mhination of a hook and a shuttle, instead of a 
needle and a shuttle. This armiigeinent allows of the thread being thoroughly saturated with 
the wax, which does not get squeezed out, as in passing through tlie eye of a needle. Farther, 
the hole made in the bather is no larger than the size of the hook, because tho hrv)k lias no 
thread in it while piercing the material. Thus, a thicker thread can be used than with the 
needle. Tho stitch, which is formed on the surface of the leather, is a twisted lock-stitch, one of 
tho firmest made. The machine is arranged to he driven by ateam-power, and the motion can be 
instantly stopped by a foot-lever at any point of tho stitch, so that tho workman has tho frve use 
of his hands. 

Pig. 1078 is a perspective view of the post Crispin, which is used for welted boot solo sewing. 
Fig. 1079 shows the arm Crispin,** which is employed in heay work, such as closing heavy 
uppers, belt-sewing, harness work, and so on. The hook is first fixed by turning tho machine by 
hand until the lino cut across the edge of tho needlo-bar L at the lower end, pointed at by the 
arrow, is on a level with the bottom end of the slide, and then fixing tho hook with its point on a 
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IcTol tvith tho point of tho divider A, enro 1>cin{; taken to )mve the notch which receive* the 
thrend nt ri^ltt ant;let( with tho arm of the machine. After the laive boljbin is charged with 
thread and plac^ in position, tho cover and hook-plate at the end of the arm are drawn off, and 
tho thrca^l brought over the gnide-pullcyM until It reaches tho pulley B ; it is then isissed through 
the eccentric hole in the small gear-wheel. The thread is then drawn forwani an<l {lassed through 
tho hole in the honk-plate, the cover and plate keing replaced. To thrca4l*tbe shuttle, the hobhiii 
has to 1>Q placed In it, with the long centre end foreniost. The tliread is then passed through tho 
up|>er slot over tho bar and through the lower slot, and then through one of the round holes. The 
c>i)crator then places the sliuttlo upon the slide, and puts down the hinged stop C. Ue raises tho 




[ >ressnre-font by means of the lever D, and puts the work under tho hook so as to he moved from 
eft right. After the machine is cluirgetl with waxed thread, the gas O is turned on, and 
lighted through tho holcw in the side of the arm, and also tlie jets behind tho shuttle-race, until 
the machine is sufficiently warm to make the wax soft, care l>eing taken not to let the flame como 
in cemtact with the casting, as this produces soot, which destroys the heating-power of the gas. 

A oounter-shafl mounted in the frame under the table be ing put in motion by the driving-belt, 
^e machine U starUd by pressing the foot-lever, thereby bringing the pulley covered with leather 
into contact with the internal pulley mounted on the end of the ariving-pinion. The moment the 
preasure with tho foot is withdrawn, the machine iustaotly stops. 6*uitable tension of hook-thread 
u obtained by the thumb*scrcw M. Tho feeder is adj^cd and kept to push in the required 
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direction by the round vortical Imr l>otn^ pincliod with the thamb*Bcrew K; an angle of 45^ to 
the arm U found lunHt convenient. The prea* lo^o, 

luro ia adjuatod to the thicknoafl of the wofk by y 

means of the douhto aerew-nut F. The amount ^ P 

of pressure is adjusted by the screw G. The 
fiNHier U adjusted to the thickness of the work hy 
turning the screw H. The length of the stitch 
is regulate4i by turning the screw I, which is se- 
cured by the lock-nut K. To remove the largo 
bobbin, the pin N is taken out; the tension- 
spring then forces It out 

The Pricking Machine, designed by Oimsim 
ami Co., of Leicester, is used for making small 
holes in the Iwttnm of tho soles and het'U of lawts 
and shoes to receive the rivets. It is contrived 
ao tliat tho distance the holes are apart can He 
variol acconling to the numlH?rof rivets require<l. 

It consists of a staiidanl A, Fig. 1080, thmugh 
which is a small crank-spindle; the treadle B is 
attached to the crank, snd tho driving-wbeed C 
is fixed at the other end of the crank-spindle; tho 
motion is im}Hirte«l by a cord G fn>m this wheel 
to a worm-shaft : the worm gives the upright 
spindle D a n*volving motion, and the crank K 
gpves to the arm F a chopping motion ; the boy 
works the treadle with his foot, and with his 
hands presMui tho solo against the guide tooth 
wheel I) : this wheel, revedving slowly, moves the 
sole the required distance as each prick is made 
by the arm F. 

(/'iBiJHm'# Ecixniric Pre»s. — This machine, ^ .-■> 

Fig. 1081, is use<i for cutting up leather, and is , [|0 {^ 
coostructe<l for tho u«o of four men; the ortsis- 
hea<l K moves upwunU ami downwanis, and re- ^ — * 

oeivea its motion from the driving-shaft A, which 
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bna a pinion atta<^he(l, and workn into tho intomal wheel B, which wheel is keyed to tlie 

eccentric »haft C ; the eccentrics are fitted with stra|>s connected to a stretcher — this is fixed to 
the side D, attached to the croos-head K; tho screws H are movable, and cad be adjusted by the 
man to suit tho ilepth of the knife and ran^e of the cuttin^dools; wooden blocks <t an> used to 
cut utwm : the leather is placed on the block, the knife lieing put on by the man, who also pushes 
it iinaer the omss-head which comes doan U{)on it and cuts out the sole; the block is then pulled 
from under the knife, placed on another |iart of the leather, and tlic process ro|)eated. 

liURINtl AND BLASTINii. Fb., .-tt-l/oa <i<r furrr ft faire tauter par une mint ; Gut., Dot 
Ih}hrm umi Sprmtjm finer Mine m Bertjverken. 

IhriHif for .t/iacm/s.— There is but little ditfcreucc in the system of boring for minerals or 
boring for water ; the kind of rock to lie iiemdrated does not even cause any material diflenmeo 
Ui be made in tho means or bwils hy which it is done. A hole of 3 in. diameU*r is in all casea 
Nnfficient for a test on a mineral vein. In the I'.S. the hemp or manilla rope U used for boring. 
This is called tho Chinese method, liecause the Chinese have practised boring in that manner 
since our knowledge of them. The Germans (lenetrete the rock by mians of iron rods, of 1 in. 
iw{uare or more. These rods are screwed together in lengths of 10 or 12 ft. This mode of work 
causes the operation to be rather expensive, on aocNiunt of the price of b^ils and machinery, and it 
is not very expeditious. The same metluMl was fnllowetl hy other Kuro]tean nations, and formerly 
in tilts country. In rcceut works of this kind, woo<len rods Imve U'cn used with greater advantage 
tiuin iron. Tiieso rods are long slender ]x>les of pine wood, often 30 and more feet long, monnt^ 
with iron and acrewcnl together; they liave tho advantage of being light and elastic, so as to cause 
less concussion and Minsci]uently less rejiair than iron nxis. Ibsls olTer no advantage over tho 
rope but that of longer durability, and the rwrth may be penetrated to a greater depth by means 
of them than by ropes. The latter are limited on account of strength to about 1000 R., while rods 
may be driven down to 2000 R. and deiuier. We will diwcrilic an ap|aratus wliich may be used 
either for heinp*rope or wire-rope, whicn was made originally for hooi>-iron by the well-known 
metallurgist, F, Overman, it being cheaper, and served the same purpose as ropes of either kind. 

At A, in Fig. 10K2, is rep^•acnUd a log of nak wood, which is set perpendicularly ho deep in the 
ground as to pt^netrate tlic loose gravel, and pass a little into the rock, so as to stand firm in its 

t ilooe : it is well rammed \*j grovel, and tho ground 
evelle<i so that the butt of the log is flush with the 
surface of tho ground, or a few feet below. Through 
tills log, which may be, according to the depth of loose 
■ground, from 5 to 30 R. long, a vertical hole is biriMl 
by an tiwjer of a diameter equal to tiiat of the lioring 
in the rock. On the top of the ground, on one side 
of the hole, is a wimllass, whose drum is 5 ft. in dia- 
meter, ami the cog-wheel which drives it GR. ; the 
pininn on the crank-axle is 6 in. This windlass serves 
for hoisting the spindle or drill, and is of a large dia- 
meter, in onler to prevent short b-nds in the iron, 
which would soon make it brittle. In all cases whore 
iron, either hoop-irrm or win^rfqie, is umhI, tho dia- 
meter of the drum of the windlass must lie sufficiently 
large to prevent a pt'nuanent bend in the iron. On 
the opposite side of the windlass is a lever of unequal 
leverage about one-third at the side of tho hole, and 
two-thirds at the opposite side, whore it ends in a 
cross or broad end m case men do the work. Tho 
workmen, with one foot on a lionch or jilatform, real 
their hands on a railing, and work witli the other foot 
the long end of the lever. In this way tho whole 
weight of the men is made use of, who work with 
great <Ase. The lift of the toro-bit is from 10 to 12 
in., which muses the men to work tlie treadle from 20 
to 24 in. high. Below the treadle T is a spring-pole 
H fastened under the platfonn on which tho men 
stand ; tho end of this spring-polo is connected by a 
link to the workiDg-end of the lever, or the hoop-iron 
directly, and pulls the treadle down. When the 
lior^spiodlo is raised by means of the treadle, tho 
spring-pole im{tart8 to it a sudden return, and increases by these means the velocity of tlio bit, 
and cunsc(|uently that of the stroke downwanls. 

The Hpimllc is repriMooted in Fig. 1083. a piece of square oast iron, or wrought iron, of from 
200 to 300 lbs. weight for a liole of 3 in. diameter. For larger holea, of 5 or G in. diameter, its 
weight mast bo increased to 800 or 1000 lbs. At one end of the spindle tho hoop-iron or rope is 
permanently fastened by screws nr rivets; at the other end the bore-bit is inserted in a round 
hole and fastened by if tlut key. The spindle may be provided at each end with a head, in the 


loss. 



form of a ernas, but these are unnecessary apiicndages : « Miuiple square rod of iron, whose diagonal 
section is equal to the diameter of the liole, is all-sufiicii at for the purpose. Tho lengths or iNirts 
of the hoop-imn may be iiuvle as great as possible, and should lie of the best fibrous charcoal iron ; 
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purldled Iron, even if fihrou*, aoon fleets brittle in the course of time and work. For a spindle of 
:UK> Ibu., hoj^imn of 2 in. by ^ is sufRciently stronjj ; for heavier spindles it may bo somewhat 
stmn^r, Tne ends of the hoops are fastened together by means of sutall rivets and drilled holeSf 
and this riveting ought to be renewed at least every two months, because the repeat(Ml vibrations 
cause the iron to get brittle, which U the cose at the joints more than in the nm of the iron. At 
the upt>er end, where the hoop is fastened to the lever, there is a length of hoo{Kiron nearly eoual 
to one length or part, at one en<l of which is an eye permanently fastened ; this tits in a hook at 
the lever, and also in a hook at the drum. This loose part of the strap is fastened to it by means 
of pinch screws, as shown in Fig. 1084 ; by this means the hoop may bo iiuule longer and shorter, as 



the bottom of the boro sinks down ; the letting out, of course, can l>e performed only while the 
work is stoppe<l. If we want to let ont while the treadle U in motion, which is necessary in soft 
rock, a screw about 1 ft. long is provided at the end of tho treadle, which may bo turned while tho 
machine is in o{>oration. The bore-bit has beim shown in Fig. 1083 as it is fastentd to the spindle. 
This is a simple, flat chisel, whose edge is steeled with good east steel, and a little rounded, so as 
to play always in the centre of the hole. If tho chisel is too round, or pointed in tho middle, the 
hole is liable to get narrow in the bottom ; if tho ^dgo is straight, tho lude generally wirlens with 
its depth. Other forms of the bit are of tittle use, they merely cause trouble and loss of time. 
The bit most be fastened very firmly in the spindle, and the shoulder of it fit closely to it, or Udh 
are liable to get out of order. When the spimilu is h> l*e lifted from the pit, the cud of the hoop 
is taken from the trHulle and hitched to the dmm, which is set in motion. The hoop must be 
prevented from winding over the book's eye, or the pinch screws, for that would cause short bends 
in tho iron, and i^ermanently injure it. The drum must be su high above the bole that the spindle 
may be lifted entirely above the bore-log. For these reasons the upper end of tho latter U fre- 
quently found to be some feet below the surface of the ground. 

The operation of boring is simple; when tho bole through the boro-log is sunk, tho spindle is 
let down, liitchMl to the tn«dlc. and the latter set in motion, which laUiur two or three strong 
men can nodily perform. If but 10 or 12 inches lift is imparted to the bit, from 30 to 40 strokes 
may bo made in one minute. If a good ho{>-pole is appended, from 30 to 45 strokes may bo mado 
by men. and from 80 to 100 by a steam-engine. The rock is thus i>enctrated by re|S!at(Hl lilowii. 
of which from 50 to 100 are sufficicut to sink 1 in. deep in soft slate and Mhalc; from 500 to 1000 
in sandstone rock, and from 10,000 to 20.UO0 strokes in gmvwacke or gneiss. Kven as many as 
30,000 and 40,000 blows have l>eeu struck to |M>netrate 1 in. ifeep in hard graywaoke. Inm pyrite.s 
are almost im^wnetrable ; and the best plan is, if the vein is but a few inches thick, to brmk it by 
heavy strokes of a blnnt steel point, directed so as to break off pieces from the mineral. When a 
certain depth, soy 1 ft., or 2 ft., is penetraU'd, the dtfbrii of rock, ground into dust, and floating as 
fine sand in the water of tho bole, must Ih; removed, which is dcsio by the pump: this instrumf-nt 
is represented in Fig. 1085 ; it is a sheet-iron cylinder, of from 3 to 4 iL long, and i or | in. 


> 

smaller in diameter Uinn the diameter of the hole, so that it may pass down easily ; it is provided 
at ita bottom with a strong iron ring riveted firmly, and soldered to tho sheet iron ; upon this ring 
is fitted a valve, which may be a poppet-valve, or a ball, or, what is equally as good os any, a trap- 
valve formed of a piece of sole-leather or strong ludia-rubber, provided with a piece of metal to 
nmke it heavy and shut dose. Metal valves do not shut well, for often cnarai‘ mnd gets into the 
pump, which does mlmit of a hard valve to shut, while a light valve of soft matter will press the 
sand out, or at least clone sufficiently tight h> prevent the mud from flowing out. This bucket is 
gently let down upon tho lx>ttom of tho well by moans of a small roi>c. a wiro-Mis*, or a hoop-iron 
tape : it is then mpiilly movtxl up and down a few times hy band, and raised. This latter nj>era- 
tion is l)«st {terformeil bv a small windlass, erected purposely for the pump. The strong windlass 
is too heavy and slow for this operation. When tho pumping has been rei>eated two or three 
times, we may suppose at h«st all the heavy sand is removed from the of the well. 

Pumping ought to be performed after the water has been for a while at rest, early in the morning 
or afU-r meal times. This operation is very simple and eficctual. The pump in being raiso<l 
rapidly frf>m the bottom of tho well canses a strong current of water to |si.hs vertically down ; this 
stirs all the heavy sand in the l>ott(»m, and oven pieces of iron and steel which may accidentally 
fall into the well, ond brings them into tl»e pump. Many other devices have been proposed for 
this |)ur|x>se, but we know of nothing superior to this simple machine. Hoc ArrmiAN Wblls. 

Where a steam-engine is at command, as is generally the case at salt-wells, the operation may 
be performed with ease, and cheaply. Is a aater-wheel or a mill at the place where a hole is to he 
sunk, the expenses arc very small, one man attending tho whole 0 {>eration. In most cases it does 
n(»t make much <Ufl^cn'Dce where the hole is driven dowm, if not too far off from the outcrop, so as 
not to miss the ore deposit. If tlie extent of a mass or vein is known, and we want merely to 
know the depth from a certain point, in nnler to calculate the expensos of a shaft l>efor(> wo sink 
it, it may bo profitable to erect a steam-engine for boring, in case the depth is considemblo. 
Horses or mules may be also employed at a common horse-whim to do the work ; this, however, is 
not much cheaper than manual laliour, hut tho work may he done faster. In case a steam-engine, 
watcr-wbael, or horse-power is used, a shaft with oms or iapprU roust be provided, which latter 
press npon the treadle instead of the feet of men. If in this arrangement the shaft with tappets 
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can be 8o arranprtl ae to Im» movotl fnrtlior off. or ctosor to the treadle, it i» reeommended ; for 
if chftn^in^ Ktrntitiixl rock is met with. <iiffer<*nt hei;;)>tri of tttmko or ehnn^ of lift in ntiuired; 
soft rock or einte cannot Ixwr as stron;; blows as hanl rock. In this case the aprin^-pole miiMt Iw 
stmiu; enou^sh to balance the whole Wfi;;ht of spiudlr, and ropi' nr irmi Udi, htj ns to keep it 
suspended when at r«-st. The larjre drum for windinv; up the rope may aorve ns an nxle for 
tap|w^ts: the latter ore then fasb-ut'd to the Inn^e cnH’Wht*»*l. nnd lift the tn*ndle din'clly, or, 
wl»at is the snme. the end of the rofa? or iron U*lt. The cmnk-Mlmft, on whicli the handles are, 
serves in this case as a driving-shaft, driven by pulleys and belt from the engine, the water-wheel, 
or horse-power. 

Tumin'f tht s/m’im//c, or bit, is a nivossary operation which is much fovourwl bv a hemp-rope, 
not so much by a win'-ro|>e. not at all by hoo|>-in)ii, or by rigid bars of iron or wnoj. In striking 
tbe lx)ttom of the well by the sliar]) chisel, it is to turn around thi; axis of the spindle, or its own 
axis, in ordc-r to out a round hole; the more rapid this operation is |»erfonnefl, (lie moit> correct is 
the work, anil the faster it proctssls. The hetu|>-m|ie, in lifting the spindle, is stretchfHl. nnd 
endcAvnurs to untwist, setting the spindle In a rotary motion, iu which it continues until its 
return to the bottom of the well. At the head of the spindle there is a Ion«M* eye, or swivel, in 
which the ro^w is fostened ; the rope will ndtim, when slackened, and assume its twist again. 
This o|M.‘mtion, however dentnictive k> the rope*, performs the rotary motion of tlie bit m4ire ijcr- 
feotlv than any other means. The rigid rod, and the hoop-iron or wirl•-^^|^p, must l>e tumw by 
hnuJ. if no machinery is expri'ssly prcfiarwl for the jmrpose. If tumetl by hand, which is dono 
by means of a cross-fiandle above the l)ore-log by a small l>oy, it ought to lie done rapidly ; each 
stroke might to have more or h*8s than a whole revolution. If this op«?mti'm is m»t pit)perly 
attemled to, tlie bit is very* apt to cut ridus or flutes, ]iorticular)y in stratifled nx'k, which are very 
troublesome iu the prr)gToi*s of the work. 

^O M/ca<s.— It may Imppen that the belt. rope, or the rml breaks, or the hit or s)>indlo is injured, 
and loaves jiarts of aU*el and iron in tho hole. If tin; latter is the case, and tbe piece's broken t*ff 
are not too large, the most ex{>e<litious plan is, to take a dull hard hit and pound the iron iub> 
such small pieces as may l>e ri'movetl by the puiup. Is the belt or rod broken, the o)M'ration is 
not ditflcult but in the latter case teilinua. Thu hooj»-in>n. or a hemp or wire mpe, is cwstly drawn 
up, which is most conveniently done by the following machine. In Fig. 108fl is represented a jiair 
of tongs, which are fastened to the main rope H, which is slacketusl in letting 
down the tongs. W is a single wire, or a small hemp-ro^io, such as a be<l-cord, or 
the puiii]>-rope. When the bmgs are so far down as to Ihj liclow the broken end of 
the rone, the win* W is PuH«l so as to o|>en the toni^ after which the Wit K is 
tume<l round its axis. The lips L of the Uiiigs, forming a Isvsket, sweep now the 
circumference of the hole, and draw the hn>ken rml into their gms]»; when such 
indications are |>eiTetve<l at the upper end where the workman is turning the Ixtlt 
R, the wire W is suddenly slacked, and tho Kliarp sWel li{>s will bite the iron nr 
hemp: the whole is now lifU*d by the windlaNs, and the bn>ken ends mended. 

With a wrought-iron spindle, hardly anything can happen ; a cast-imn spindle 
may break ; hut if made of a square form, there is so much room on the four flat 
sides as to ailmit two sharp-pointed hits of the toiigs. which mav fasten in it 
sufficiently so as to lift it. Mon* vexatious than such breaks is tlic crumbling 
of rocks, jMrticuIarly if these rocks are hard or bmgh. If the snindle has a little 
sfiace at its up|>er end, and a piece of n<*k falls down from a tiigher place and 
wedges in between tbe spindle and the walls of the well, it causes ofU-n long dedav 
and much laWmr to remove such small stones. Is tbe treadle moved by lAen, such 
impediments are generally observed before tho roixf brr*aka, and may Ijo ina<ie less 
disturbing when atUmded to in proper time; out if a steam-engine or other 
power is at work, it will tear the rope or rnil, and cause the spindle to W tightly 
wedged. Ill order hi prevent the breaking of the ro{>e. that [lart of the lifter 
where the rod is suspended must W iiuule so W(*ak. that, when tho cam lifts it, and 
it is heavier than the weight of rope, spindle, and bit, it will br(*ak and {iri'vent 
by iU rupture the breaking of tlie it*pe. la the latter not iiijure«I, there is 
enerally not much difficulty in gidting the spindle out. At the top of the liore* 
ole must be always a certain mark, wliirh indtcaU*s exactly the depth of the well 
by the length of the rope ; if the spintlle is in any way raiued als)ve the Ixittom, 
we may know it by this mark, or hy the {swition of the trt^adle. In this case, 
gentle up and down motions at the rope will gencmlly loown the spimllo so us 
to make it play; its going <loa-n to the Ijottom, however, ought to l»o prcvcnte<l, 
for whicli reason tho end of the ro|H' is laid on the windlass, and the rope so far 
stretcherl as to prevent its sinking to the Iwdtom. Ily nuwnN of the treadle or 
by liand, tho apfiamtus is now kept in imition and gently raiM**! by the wimllass. 

If those nu-atis will not succeeii. force at the windlass is tfi«!«l, but never beyond 
the stnmgth of the ro]»o so as to break it. If this also fails to lift the spimlle, an iron rod, 
with a blunt end, which cannot jK-netrate between the spiniUe and tlie walls irf" the hole, is let 
down bv moans of tin* puin|>-ro|M% and gentle blows are iui|inrt(sl on tho head of the spindle; 
this will (dther start tbe spindle, or will crush the jH-bbles which holtl it Is the n>pe or nsl 
broken, these operations must U< |H‘rformwl with more caution, so ns to prevent forcibiu lifting; 
for when the tongs liavo hoM of the broken end of tho Ult, that is never so firm as the rope or 
belt itself. 

Most of the accidents arc cau<K*d hy bmse stones, gravel or pebbles, crystals or pi«*cs of slate, 
from cavities above. Most of the rocks contain cave*, or nests of crystalline loose matt«*r, which is 
thrown down by the inotii>n of the water and the vibratitms of the lioriiig instruments. In thcao 
cases, pipes of sheet iron, of copper, or of other metals, have been inscrteil iu such places j 
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%hirh npcnition, however, ia oxpcnMve. tedinuB, ami not quite safe: nmeh injfouuity lion l>een 
cx^H-mleit on iiiM^rtin^ aueh In all eojieM of horin;;, the mouth of the well, nr iip|NT ]iart, 

onuht to 1m.* well »eeun*<l by the iMire-lo?: it Mhould roach down inhi the wdid mck, ami provoiit 
any dmppinj? of pmvel from aljovc. When, in the course of the d^’went, caviticM are {N<netmt(*4l 
which prove to Im* tHhii with h*OMC matter, thr«*ateniii|r to obstruct tlm pro>;Tveui of the operation, 
the iMut plan Im to cut thmusrh .“uch a envem. if |»o«Mihlo, and reach the «dvd mrk n^in. Jf thitt 
cannot Ijc accomplished, thechictel is driven down ns far as noesilde, ami the cavity tillctl by ct>menl, 
which iH cl<m<*ly rammed in by a plunRcr. The cement for this puriMnw.' ia mortar wment, also 
cnlliHl Itiiiuan cement, which is made of impure liim«t4>ne, mioh lut itt found in the coal regions and 
marl liiedM, in (he form of lumps imlM*dd<Ml in marl, clay, or aluile. ThiH kind of limeshHie, when 
biirne<t. does uot slack; it mu.«t be grrmnd tine, ami ir then mixed with water to a stitT mortar. 
If no such impure limestone can Itc ohtaiae<!, ooiimion lime ia mixed w ith hunit and finely>ground 
iron ore, hunit marl, nr burnt ferruginous shale, ptimici*»Khine, nr any kind t)f volcanic iioraua rock. 
The whole, lime and admixture, of which latter nlmnt 40 per n*nt. of the lime is iiNed, ia ground 
h>gether and mixed with water wi ns tc» form a stitT mortar. Cement mortnr will harden in the 
course of a few dnya under water; hut it ia advisable to make a trial of it In'fore it is put down 
into the well. This im»rtar ia tilled in canvas nr muNlin Imga, of tmeh a size as to sink gently 
flown tf) the bottom of the well. A number of tilled bags in let down, and tJtcn the plunger, 
which mav be the apindle, — ht pn^Kseil u]M>n them to break the Ijags, aud drive the mortar into the 
cavity, 'fhia ia gradually tilh<i entirely with mortar, ami then left at rest for Home daya. Part 
of the mortnr is, in the meantime, immersetl in water, above ground, in order to olmervu ita 
j»rngresa of hardening. When the mortar w hardeuefl below, it is penetrated by the hit, and a 
rmind lu>le Ixired through it, which forma now a pijM* of c<‘meiit, which will etTeetually prevent 
sand or gravel from running down and causing disturhancea in the opernti<*na. 

Ill all caaea of sinking a well or a l»oro-hrdo, the progress of the work shnnld be recorded in a 
journal from day to flay ; ami each day, or at <«ch ]iumpiiig, a part of the lM>re«meal, or tho 
cfMrscst anved f«)r future examination. The latter operation in aimple, and canaea no Iom 

of time. When the pump U raised, the contents of it arc cast into a fine wire sieve, or into a l<ag 
of fine wire gauze, w hich ia timfle t4) contain all the contents of tho pump. The water and the fine 
|iarU of nicky matter will {lass through the meshes of the sieve and float off, while the ooaraer 
parts remain, A part of the sexlimcnt U saved in a paper, nr in a small Iwx, and it is marked 
with the time and deptlx, wlieii ami where obtained, for future reference. These evideucca, wheu 
put together, form the elements of a section of tlie n*ck strata {MiUetrated by the well, in that 
jiarticular spot, and arc suitable objects for publication. Any gtMilogist can form, by these meana, 
a profile of the rock, or general formation. 3Iany huDdrinls <*f «ccf/s are now sunk, and 

have been sunk in time.t |tnai in our country : these would furnish imnvns for obtaining a cfirrect 
insight of the geology of tle*se places where the operatiima are jM'rf«»rmed. For the want of sncli 
records, the information arising from the labour of boring, at a particular spot, is lost to tlio 
community and the science of g«'ol<^y. 

Any size of hole will answer the nnrpnac of the miner j and if 2 In. in diameter could l»e aunk, 
it would be sufi^oicntly witle; but tnis onimot be done; the form of the totals, pump, and ropi*. 
r^uira at k-a»t 2‘S in. All roiimlicateil Usds, such as croaieehisela, rab|M tor widening, am) 
similar instruments, are to be avoidc<l. They are expensive. Imth in first wmt, r»*j)air, and causo 
low of time. The simple fiat chisel will fonu a perfcctiv round hole : when attemliHl to in turning tho 
rope, it w ill make the hole wiile enough all the way down ; if fri‘qucntly changed ami aharpeuod, 
it works easy and fast. A chisel and a good pump, a safe ropt*, and gtxjd tongB, arc all the implu^ 
inenta requisite for ainking a hole of 2000 A. deep. 

We give an exnjiiple of Ijoring for minemU, from the ‘Transoctiona of the North of Kngland 
Institute of Mining Kngineers,’ vol.vii. The pnjMT which fnmishew this example waa rewl by 
the justly-celebrated Nicholas Wood; we give it and the diacuaaion thi reon, without any material 
alterations, to show tiic haw lesa fabric ujiuq which the BOK^allul science of geology ia made to 
rest. 

Sirholiu Woody Pr^nittmt of the InetHutf of Jfiai'n^ Engineerty on the I*epo$it of Mo.jnetic lermsit/ne 
m Hoeeiiaie . — In John Marley’s very elaborate and very able account (aaya Vl'mx/) of the Cleveland 
Irunahmc Dhitrict, MHumunicaterr to this Institute at ita meeting of June, 1857, and pubUsheii 
iu vol. T. of the ‘ 'rransactinna,* he states: — “The only s|M.x*ioI district to which I think 
aary now to allude U the liosedale Abbe^ diatrict, the ironstone from which has attracteii a 
large amount of attention, on account of its largo percentage, immense depemit, and magnetic 
pmwrties." 

Marley then gives a history of the discovery of this bed of ironstone, its position in the series, 
as well as in the district generally, and aihls all the information which hwi then been elicited 
with reganl to the particular featurea and character of such de|Kisit, which he illustrates by a 
diagram, showing the explorations which had been made by drifts and pita towards such eluckla- 
tion; and bo then concludes by saying: — “I have no doubt that (his seam is the same as the seam 
at the |ioint A, Fig. 1087, as alsr> the same as that found on the east side of Rnaedale, iu t'aptnin 
Vardon's property, of varied thickness, as well as the Mime warn as that at Omsmont, Fryu|Klale, 
Hwainby, and Boltby, known as the tup ne>im of ('leveland— the nine inches of coal in the pit aunk 
agreeing with HeK.khote, near Omsmont, in tmrticular; so that the only doubtful point is os to the 
|Htriinn from the outcrop at A to the so-called magnetic quarry ; tho most feasible solution bcung 
that it is a disjointed patch of the regular seam, known as the top snmt, and not a vein, as has 
Wn said; and, with all deference to tho parties who have had more opportunity for examining 
this district than I have, I pmpo«c leaving the extent of the m^ujnetic nntt ertrti percentiti^r tract as 
an unMdxed pnV«/<*r/i, as it may vary from one or two acres to any indefinite extent, not being at all 
proved to the south.’* 

This is a very clear and ooirect account (says H'uod) of U)c information then existing on tiiis 
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deposit, Harley’s opinion being that it represented the top seam, as developed at Grosmont, 
Fryupdale, Swainby, and Boltby. 

■5 UUCST SAST 


■3 

i J 



— — ^ 





Jttfirenct 0, Shale and iroostooe ramble. P, Iti-own and grey sandstone. 9, Coni and shale. S, Shale 
and sandstone. T, Saodstooe ; top bed, of iron and lias resprctirelyf not proved by the bore«bole. 

A Section of the Stmta at Grosmont is given hg Martey a$ folUnet 

Ft In. Ft. In. 

Sandstone 25 0 Ironstone band and shale 20 0 

Ironstone, top seam .. 12 0 “Pecton" bond, part of tho CleTc-l * 

Lias shale .. 02 0| land thick scam / 

Various strata, not identified 51 0 > 198 0 Shale 17 4 

Lias shale 53 0 ) “ Avicula ** band, Cleveland scam . . 6 4 

Another section near Omamont gives the top scam 11 ft. 6 in., then 187 ft of ahalo and iron* 

stone, and then the Cleveland baud. 

The Soition at Fryupdale is as follotes 

Ft. In. ! Ft. In. 

Freestone 55 0 I *' Peeten ** band, Cleveland main scam 6 0 

Top scam .. .. •« .• .. 12 0 I Shale .. .. .. 30 0 

Jet, cement, and alum rocks .. .. 202 0 I ** Avicula** band, Cleveland main scam 4 4 

8halo GO 0 I 

The Section at Sttainhy is as follows : — 


Vt. In. 

Shale 13 0 

Top scam 23 0 


Bhale 

Cleveland main bod 


And at Felix A7rit, near Boltby, the Section is:-~^ 
Ft In. 

Prown, yellow, Ac., gritstone 0 0 

Boltby and Knsedale iron rock .. 7 0 

Alum shale, or upper lias shale IIG 0 

t'pper band of DMular ironstone .... 0 7 Typ< 

Tnm seam of soft shale 3 0 4 1 <J1 

Lower band of nodular ironstone .... 0 6 set 


Type of Elston or 
Cleveland main 


Cleveland main 
seam. 


Section of Strata in the //ills at Bwainhy Mines. 


Soil, Ac 3 


Slaty coal 0 9 

Shale 10 

Sandstone 4 0 

Slaty coal 0 9 

6 6 

Sliale 5 0 

Coarse freestone 3 6 

Shale, with occasional nodules of iron*\ ... ^ 

stone J Id U 

Ironstone, good 2 0 

Ironstcme 21 0 

23 0 

Carried forward 78 0 


Near the limekiln this is 
lOO, with 9<in. iron- 
stone balls in it 
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Sfciion of Strata in tht llilla at Sfcnxinh^ Mitu't — continued. 

BrouRht forwanl 

Shale 

Not / Iroiiiftone 

Wrought X Shale 




3 8 



Iitjustmto .. 

2 5 I 




Shale 

.. 1 8 [ 

5 7 



Inmstono .. 

1 G 

— 

9 


Siiate 



9 

3 

IronNione .. .. 


1 3 



Shnle 


0 6 



Irunstouo .. 


I 3 







3 

0 

Shale 



IG 

G 

Ironstone .. 



1 

6 


SuppinM<d «hale, but unproved dnirn to\^^ 
the level of the bottom of Crook beck / ^ 

5 ^ 0 


Ft In. 
.. 78 0 

.. 132 6 
2 8 
1 0 


* Hection of the Strata at Etton Xab^ Mhottinj thr top srtxm^ and t/te main or CkTeUind {uttuL 
ifAcre the tatter is in perfeeiion. 

I Soil, and other atratn unproved 50 0 

Freentone GO 0 

Shivery post, iMitchea of jet and clay 54 0 

Ft In. 


Nodular ironstone 
Shale. 


S<«m called 
the ” Top 
Seam.*’ 


0 
2 

I Nixlular ironstone 0 

' Slialc 0 

Nodular ironstone 0 

0 
0 
0 
0 
0 
0 


Shale 

Nodular ironstone 
Shale 

Nodular iromitnno 
Shale .. .. 

Ironstone hand (varies) . 


I 

3| 

5 
7 
Oi 

10 
1 
G 
1 

6 
0 

Aggregate of immitonc, 15^ inches. 

Approximated. Lias shale, including jet rock at bottom .. .. 210 0 

Imnsiotie band .. .. .. .. .. 0 2\ 

Shale 2 5 

Ironstone band 0 2 

Shale, mixed with nodules of ironstone 1 10 

lmn.^ne l«and 0 3 

Shale 1 G 

Shale, incltning in some ports to a fire*l . 2 

clay nature / 

Aggregate of ironstone, 0 inches. 

Top block, left as roof Oil 

Parting regular at outcrop, but not so 
afU-r. 

Second block (left as roof near outcrop) 2 3 

3 2n 

Main parting (a grwl one ni*ar the out- | 

crop, but lost farther in). | 

Main block and uniform 12 0 

Parting (Inat after leaving outcrop), | 

Bottom block (varies) 1 10 / 


Cleveland 
Main or 
Thick Bod 
or scam 
of 

Ironstone. 


Shale 7 0] 

Ironstone band (cnllod 2-fl. band) 1 8 | 

Shale G 

Ironstone band 0 10 

Blue shale 

Various beds of grey poet and metal stone, Ac. 


SI 


Measured 

working 

section. 


10 0 


’ Mcnstire<l 
section. 


17 0 


Measured 

section. 


15 C / 


Total 552 0 
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The main feetarefl of the Bcctiotw given by Mftrley an oiwimilftting to the Boaodale bed, are, 

1st. The top scam, varying from 12 to 23 ft. in thickneas. 

2ml. Lias shale anil other strata, 132 ft. to 220 ft. 

3nl. The Cleveland main band. 9 to 12 ft. 

But in all these sections there are no beds of ironstone betaeen the top seam and the Cleveland 
main band. 

Bewick, in a paper presented (says Buck/) to the Institute, and printed in vol. vi. of the 
* Transactions,* givi« drawing and an account of the dcjxwit of UohtmUIc, and owicludMi with 
those n^marks, — My object in thus troubling the meralters of this Institution with the foregoing 
remarks is twofold. First, to show that the iron ore of lioscdalo, instead of being a large mioeral 
field, as was first aaKert<<d, ami still btdiovod to be so by many, ia nothing moro than a volcanio 
dyke; and scmndly, that the ironstone lately oponeil out in this btcnlity is not, as it is rt'piiUd to 
be, the main scam now being worked in the Cleveland and Oroemont districts, but it is my opinion, 
if Marley will {lormit mo to say so, the top scam.** 

I shall now (oliserTeM give an account of the operations concluded by Professor Phillips 

and myself towards the investigation and development of this bed of ironstone. 

The first discovery of this deposit of ironstone was at a quarry on the suutb*weat skle of the 
valley of Rosedale, a^nt a mile south from Bosodalo Abbey, and shown, Fig. 1088. When this 



quarry was oj»ened out it was found to consist of apparently a confused mass of ironstone l)Ouldora 
of an ellipanidal structure, and of gigantic size, often 3 or 4 ft. in diameter ; the central |iart of 
these boulders being generally blue, and cemsiating of a solid dark oolitic nmgnetic iron ore, witli, 
in many cases, sandy and solid ironstone crusts around it; and, in rece<ling from the cent^ tho 
iron ore becomes paler, alternating with dark brown purplish layers; the layer then becomes pole 
brown, end the ma^etic quality is lost. In moat cases, however, the nodules arc quite solid, and 
a alight stratification exists, though very obscure; and in several cases, likewise, ilio oolitic 
structure is merged into compact brown iron ore. In some parts also, where exposed to the water 
and to the weather, the iron ore is partly washed away, and a gritty ferruginous crust remains. 
These great variations do not occur where tho ironKtono is under cover, or envored by other strata, 
but appears to assume those difiTorent phases in consequence of its extreme susceptibility to change 
by ex^ure to air and water; and it is somewhat remarkablo that the ma^etic property is 
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vtronj^est where the mass is thickest, and scarcely shows any ma^etism in places where it is thin, 
or where it has little cover, an«l, coDsequently, more exposed to dc^oomposition or chan^. 

The jfTcat clmraeteristic dtiference of compositifin between this ironstone and the top and main 
l)and of Cleveland is, the entire absence of shells, the stnirture beinR entirely of an oolitic character, 
bein^ entirely competed of small round concretions of iron ore, cemented together with extremely 
thin siliceous or arenaceous films, and in its magnetic properties exhibiting {lolarity, and likewise 
in its greater richneea than the ordinary ironstone of Clevc'laud. 

This quarn' has been excavated so as to form a face of GO ft. in thickness; to which must be 
added 11 ft. of !>Iae magnetic stone, 2} ft. red ironstone, slightly magnetic, bored down below the 
bottom in magnetic stone, and 3 ft. of shale. 

Soon after the q^rry was discnvere<I, it was thought advisable to drive a drift into the side of the 
hill, to ascertain the extent of this deposit, the ouarry being about COO ft. from the bottom of 
the valley, and about 300 ft. below the utmoiit level range, or plateau of moors, lying on the south' 
west side of the valley. This drift, together with a pit sunk njion it, is shown by a drawing in 
Marley's paper. Since then, it has been driven to a much greater distance, and three bon>)ioi^ 
have been put down from the surface to the Rosedale bed of ironstone. 

Fig. 10^ shows the position of this drift, the distance and direction in which it has been 
driven into the hill, and aUo the position of the three bore-holes and the quarry. And Fig. 1D83 
also shows the section of the samo drifts, and the section of the borings, together with their depths 
from the surface, and the l)cds of ironstone which they have proved. I have carried such si«tion 
across the valley, for the purpose of showing the position of the ironstfme band on the opposite side 
of the valley. 

Fig. 1090 shows, on a larger scale, the strata l>ored through in the three bore-holes above 
allade<l to, and the ironstone beds which they have proved; Figs. 1091 to 1093, bore-boica. Fig. 
1094, facing drift, and Fig. 1095, side drift— show the thickness of the lower bed of ironstone in 
the several bore-holos in the face of the drift, and also in the ride of tho drift. 



It is necessary to remark that, where the drift was first sot away in the ride of tho hill, it met 
with ^alc, and it continued in shale for a distance of about 80 yds., when the ironstone was fonnd. 
Tlie drift continued in the ironstone for a distance of 180 yds. farther, making a total distance of 
260 yds. from the face of the bill Fig. 1089 is a section ^ the ironstone at tho face or farthcft 
extremity of the drift, showing an entire thickness of 32 ft. of ironstone, namely, 6 ft. 2 in. of 
drift, 11 ft. 9 in. above the drift, and 14 ft. l>cIow it. Aixd, what la important to mention, the 
ironstone was hero distinctly stratified, as shown by the lines across the section. Fig. 1094. 

400 yds. in advance of the extreme end of the drift, and 660 yds. from tho side of the hill, a 
borr-Koir, No. 2, Fig. 1089, was put down; and at right angles to tlic line of this bore-hole from 
the drift two other bore-boles were put down from tho surface, as shown, Figs. 1089, 1090, each 
200 yds. distant from No. 2 bore-bole, or 400 yds. separate ; and the following are sections of the 
strata passed through in these bore-holes. 


Xa 

1 

2 

8 

4 

5 

6 

7 

8 
9 

10 


11 

12 


j4ccotm< of the Boring No. 1, Fig. 1090, or South /?orr-/w>fc, on Roafdalo J/bor.— 1858. 


Clay 

Metal or shale .. 
Brown fre<'»tono water 
Metal or shale .. .* 

Brown and grey jiost .. 

Grey metal 

Brown and grey post .. 

Grey metal 

Grey j>ost 

Grey metal 


Fms. Ft. In. 

0 5 0 

1 1 0 
12 5 6 

6 1 6 
2 0 0 
3 2 0 
3 4 8 
8 4 9 
0 5 6 
8 1 10 


38 1 9 

Ironstone, magnetic ,, ,.040 

White sitalo mixed with \ q 5 q 
ironstone / 


Na 


Pttu. Ft 

In. 


Brought forwanl .. .. 

39 

4 

9 

13 

Ironstone, magnetic .. 

0 

5 

0 

14 

8halc mixed with ironstone 

I 

0 

9 

15 

White post 

0 

2 

4 

16 

Hbale 

1 

1 

0 

17 

Dark metal 

0 

3 

0 

18 

Shale with post girdle 

1 

,5 

.3 



45 

4 

1 

19 

Ironstone, magnetic .. .. 

.5 

2 

0 

20 

Into, shale 

0 

1 

6 


Total depth, fathoms 

51 

1 

7 


Cajriefl forward . . . . J19 4 9 
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AccvmM of tKe Borinj, the Middle Hole, or Ab. 2, Fi>j. 1090, on Bosed>ile Moor. — 1857. 


No. Fm*. Ft In. | No. 


1 

Freestone ramble 


0 

3 

0 


2 

Metal 


0 

4 

0 

19 

3 

Brown poet .. ..5 2 

®i 




20 

4 

Grey post .. ..1 8 

0 

jl2 

1 

0 ’ 

21 

5 

Brown |* 06 t .. ..5 2 

0 




22 

6 

Metal 


5 

3 

0 


7 

Post with water .. 


0 

5 



8 

Metal 


0 

5 

0 ( 

23 

9 

Coal 


0 

0 

4 1 

24 

10 

Metal 


0 

2 

6 1 

25 

11 

Whito post with water 


0 

3 

0 1 

20 

12 

Metal 


2 

1 

“ i 


13 

Grey and brown post . . 


2 

3 

0 


14 

Bletal 


3 

2 

0 


15 

Brnwu p^wt 


2 

3 

6 

27 

10 

Metal 


3 

5 

0 

28 

17 

White poet 


0 

4 

0 


18 

Metal .. 


0 

5 

5 

i 


Ckirried forward 

.. 

37 

3 

3 

i 

Accwtnt of the Boring^ So, 3 

Fi3. 

1090, or 

No. 


Fina. Ft In. I 

; Sa 

1 

CUy 


1 

1 

0 I 


2 

Bmwn j»o«t 


n 

5 

0 1 

14 

3 

Grey metal .. 


4 

1 

0 

15 

4 

Brown {xiet 


3 

3 

6 

IG 

5 

Grey metal 


2 

0 

o 

17 

6 

Bmwn post 


2 

1 

0 

18 

7 

Grey metal 


2 

5 

0 

19 

8 

Brown or gnty post ,. 


3 

0 

0 

20 

9 

Grey metal ironstone girdl 

cs 

4 

1 

0 

21 

10 

Grey poet 


0 

4 

6 


11 

Grey metal 


2 

5 

C 

22 




88 

3 

6 1 


12 

ImnshiDo, magnetic .. 


0 

4 

6 1 

23 

13 

White slxale, mixed with ' 

1 , 



24 


ironstone 







Carried forward 


40 

3 

0 ; 



Fa«. In. 

Brouf^ht forward ..37 3 3 

White pout 0 13 

MeUl ISO 

White poet 0 3 3 

Metal ironstone girdles .. 2 5 0 


42 4 3 

Ironutono 2 13 


Whito post mixed with whin 12 0 
Metal with iroustone girdles 110 
Black metal mixed with iron* 1 ^ „ 

.tone } 0 ■( 0 


48 1 0 


Ironstone 5 2 0 

Into, grey sbalo 110 


Total depth, fathoms .. 54 4 0 


North Jfoie, on Jtoeedale Moor. — 1858. 

Fma FU In. 

Bmngbt forward .. 40 3 0 

Ironstone 0 3 0 

Shalo, mixed with ironstono 0 5 0 

(lullity post 0 0 0 

Inmstone, maipetic .. .. 0 5 0 

Light-coloured ironstone ..030 
White post, mixed with whin 110 
Ironstone, magrietic .. ..030 

Grey shale, mixed with iron-I , ,, « 
atone and post girdles «. / 

Black metal 0 2 C 



47 

0 

0 

Ironstone, magnetic .« 

. 4 

5 

3 

Inte. shale .. 

. 0 

4 

0 

Total depth, fathoms .. 

. 52 

3 

3 


It will be soon, therefore, that for a distance of 580 jurds from the pit, No. 1 on the section, 
Fig. 1080, to the l)oriug No. 2 on the same section, the tbiclmess of this bed of ironstone is nearly 
tltu anme, and that this is the cose likewise at the other two bore-holes. Nos. 1 and 3, at right 
angles to the above line of section, the respective thicknesses being as follows:— 


Ft In. Ft. In. 

llrift 32 0 No. 2 bore-holo.. 32 0 

No. 1 ^re-hoIc.. .. 32 0 n ^ » .... 20 3 


These borings and sections show two <listinct bods of imnstono, stratified with great regularity ; 
and they prove nniet conclusively that neither of them is at all like what Bewick tonus ''nothing 
more than a volcanic dyke.** 

It will be scon by the map of the district. Fig. 1088, that a border is traced around the edge of 
the valley; this is undoubtedly the outcrop of what is called the *'top seam** of ironstone, as it 
can bo tracerl south and east into Eskdale, and towards Grosmnnt and Fryupdale; and also north 
towards Hwainby and Boltby, in which localities Marley has ^ven sections of the top seam, and 
also of the Cleveland main band. Supposing Utis outcrop in the Kosodato >*alley to bo tho 
top seam, then tho npper bod in tho sections. Figs. 1089, 10(M), is umpestiooably the top seam 
likewise ; and wo therct have a bed of ironstone upwards of 30 ft. thick, lying parallel to and 
strictly oonformablo with the “top Hcam** (and aei>oraU?d therefrom only by a thin betl of shale), 
of an entirely different character rrom either such top seam or the main bend of Cleveland. 

I have (says Wool) laid down on plan. Fig. lU8th a section of the strata given by Marley, at 
Grosmont to tho aoiith-i'ast, and at the Swainby mines to the north ; and I havo added the section 
at Eston Nab. It should be observed, also, in corroboration of the npper bed of ironstone, 
Fig. 1089, being tho top seam, that a bed, or rather three or four bcdsi, ox ironstone intcmiixod 
writh shale occur in tho brook of Rosednlo and crops out in the bank, which is generally believed 
to be the representative of the Cleveland main band, though the ironstone is very inferifw, and not 
workable. I have laid down on the section, Fig. 10^. the position of this bed of ironstone, which 
agrees pretty well with its position in the other sectiomi. making allowance for the variation in 
the thickness of tho lias shale as found in the several localities. 

1 have (observed UV><x/) likewise, in Figs. 1088, 1080, diown the position of the quarry, which 
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f^petmi to hftTt* lilippcd down below the level of the ImvK m shown by the drift and horinss. 
Thia appears to have l*een oeeaninniid by a slip-ilyke whioh rrrww's the drift near the pit, as shown 
on the plan. Fig. 10S8. It will l>c sei-n by this plan that the drift paB8c<d throu(?h alluvial soil 
and shale up to nmr the pit, when thia <lyko was erosand and the ironstono cut, aa shown on the 
plan. This dyke is Hup|»o»»od to run in the direction slmwn on the plan. cro«»inj; the drift near tho 
pit, and thmwini; the strata down on the south>west side, and, consequently, the strata roniprisiui' 
the quarry: and it appf^rs that the <|uarry itaelf is mueli broken, ami has very much the appear- 
ance of a disjointed alip, tho elliptical nodules bein^ in a nuuw of confusion, aa sliowrn on the 
plan. 

It has sup|)OH(Hl by some jtarties that this dyke baa ^von the mafn^ctic character to the 
ironstone : but it is well kmmn that the character of the on* must lie chanjroil from a peroxide to 
a protoxide to lAX-ome ma;?netic, which the cmsainR of the dvke through the strata could hcarcely 
accomplish ; and then we Imve the entire absence of shells in the lower lx*d, while the matrix of 
the npjier Wd or to]i seam is entiri’ly calcan*ous and lilhxl with slitdls. The onnortdionary nature 
of the stone, and the much trnwter jH'rcentape of iron produci'd by this dep<wit over llial of either 
the top Kf-am or tho Cleveland main band, are also characteristic of this 1 jo< 1 of imusloiic: tho 
analysis ^^iven by Marlev of the Rom'iIoIo stone b«*inK upwards of 50 per cent, of metallic iron, 
while the top warn ami main hand are alxmt 32 to .35 |st cent. : and the produce of a lai^e qmin« 
tity smelted at Cousett gave 55 per cent, from the calcined ore, and 45 per cent, from the raw 
stone. 

Whatever opinion may. therefore, lie formeil of the cause of this deposit, wo certainly 
hare tlie fact that, for a width of 400 yds. and a length of 580 vds., we liavo a 1 mi! of ironstone 
highly magnetic, of an almost entirely uniform thickness, totally different in its minemlogical 
character from the ortlinary stone of the district, ami yielding in nroiliice nearly 20 per cent, more 
imn in tho furnace. To what extent this !>e«l may exist lieyoml the extent Bln*aily pmv«*d will bo 
the subject of further Investigation : but it will be a very extraonlinary anomaly in geology if a 
beil of such uniform thickness should not extend to considerable distances. It has Wen state<l 
that a similar l>e<l has lieen discovenvl in other and distant localiticH; not Isung myself cognizant 
of the facts, and my information not being very precise, I abstain (says Hmxf) from giving such 
information at present. The importance of such discoveries arc of too great interest in the district, 
and ton vnluable in a commercial point of view, to remain long unexplored, and tlierefore we may 
hope that at some future period the Institute will be favoured with an account of such deposits. 

The President's paper on the Ilosetlalc Ironstone liaving been read, a discussion thereon was 
taken, 

lifvick said tho magnetic ore in the quarry was a casual deposit in the sbn{>o of a dyke or 
vein. 

Afarley , — I understand, since I was at Rosrtlalo AblK^y, that which the President stated to lio 
tho top seam hatl lM*en discovercHl in a regular stmtifie<i state on the smith side of tiie magnetio ^ 
quarry. At the last discussion we had on the subject, I admitkd if that IksI of ironstone liail 
been discovered keeping on its uniform riso and dip. from the north side of the quarrv to the 
south, I had been mistaken in sup|M>iing the magnetic M*am to be the same ns that of tlic seam 
then diacoven-il on the north side of the quarry. Then, an to whether it was a vein or a 1 m-« 1, or 
whether, what I supposed at the last meeting, it was anoverHowing between soft stmta, simiUtr hi 
“ flats " in lead veins, I hml not an opportunity of forming an opinion, for want of the thm 6ure- 
kvUs. which liave miw iiecn given. 

The Prr»idtnt. — ^>^lat you stated was quite correct. The top seam bad not then been found on 
the south side of the quarr}'. It is now found on the smith side as well as the north side: but I 
do not think we have yet discovered the magnetic stone on the south sale of the quarry, except in 
the drifting and Ixirings. 

ifiiWcy.— When I made my examination, pirparatory to reading my paper, tho top seam at tho 
point A on Fig. 1087, therein refemHl to. was Inst, and no continuation was fmind south of the 
magnetic quarry ; but, hy com|ietei]t witnessea, I have been informed it is now found south of 
tiio said magnetic quarry. But, if the magnetic sUmo is a bed, it is extraonlinary so large an 
extent of country siiouhl give no trace of it. as at (irosmont and other places we have not the 
slightest trace of it. At Ingleby they are putting three bore-holes down, with a view of proving 
the existence or otherwise of the magnetic ironstone there. They arc now, I believe, {su»t the tojw 
aeaiu position, but have got nothing hut sliale yet. T]u*se Imrtngs will prove nlsiut 100 fathoms 
of stmta. I have hitherto been of opinion tliat the round particles, in the specimens of magnetic 
ore. arc oolitic shells. 

The Pretiilentj A'. H tsd.— No, I believe they are iron, with a siliceous matrix. 

Mir/ry.— Haa one of those globules ever been analyze*! by itself, and found to be pure imn ? 

Wood.— 1 do not know ; but I believe there is no calcareous matter in those prides which 
there would be if it were shells. 

Mitriey. — Unloes it U some peculiar formation. 

IVoor/.—Then the shell is gone, and the iron left, 

Jhyd. — The chemical part of tho shell remains in tho Cleveland etone. 

Marley . — The magnetic stono is not in analogy with tho Cleveland. 

Hood. — It has changed its clmract*?r fmni a p«‘mxide to a protoxide. 

MftrUy . — I acknowledge the magnetic stone is free from “ pootens.” 

fiftcick. — After hearing what has been statid by our I’lesident, I am bound to say our opinions 
are as much oppose*! as ever ; and 1 slmll emhavour to show you that the ironstone h«ls they have 
BORED Tnnonm at R*)«dalo Abliey are not the eniue as the magnetic ore and top Ixd found by 
the side of the valley, that, in fact, the borings liave not ixwched those dcqioeits by several f<x*t, 
ami that, therefore, they hare not nt yet prvtctl anyihin>j more reajte^'tiny them. The strata they have 
bored through arc quite above them, and you will find on looking at the table of the borings. 
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publiithM with tho Julj discussion, thst an important membor of the sories, which iminediatcly 
overlies the top is wantinic. I aJIude to the sandstone rock, which U aiddom under 50, 

and sometimes met with 100 ft. thick. This rock does not appear in tlic buriugs at alt 

H ckk/. — Y es, it does, namely : — 

Brown freestone .. Xo. 1 bore-hole 

Brown and grey post „ 2 ^ 

Brown post .. 3 „ 

BfKtck . — Tlint is not the sandstone I allndo to. Tiint rock is found higher in the series, and 
bidongs to the measures, which your futrt^hiJin have gone tlmiugh; but, as 1 have just said, 
they have not yet reached the other sandstone, and 
cannot, therefore, have tmich<Hl tho loj) boi!. In 
this section. Fig. lOtMj, you have, in my opinion, a 
tyjie of llie irrmatoDc you have gone through in 
your Imrings. The si'ains here arc thin and divided, 
and tho sliale ^tween them is inlor8|>orsed with 
irtm noduloe; and, as you admit the seams are split 
in the last bort^ttf, it but acrv(*s to confinu my 
opinion that they are one and tlie same. They 
occupy tho same geological position in the aeries— 
that la, they inten'one the groat sandstone rock and 
the coal mt^urt's in the oolitic scries. 

Wiftki . — Do you purpose giving the soctiona for 
pablicatiou ? 

Rficick. — Yea; I intend leaving tho whole rrf tho 
sections with you for limt purpose. The thickness 
of every stratum, in the diagram r<»pi«senting a 
cmss-acctlon of the vale of Knsc»Ule, is' taken from 
the table of the borings before referrcKl to, in 
whicli I may here ohsorvo there is an error of 3 
fathoms 2 ft. The total ought to lie 48 fathoms 2 ft. 
instcail of 51 fathoms 4 ft ; and if you take from 
this 1 fathom 1 ft. for tho grev shale they have left 
off in, below the ironskme, it foaves 47 fatlioms 1 ft. 
from the top of the bore-hole to the bottom of tho 
ironstone, 1 am thus particular because I have 
taken a Hue of levels, commencing at the south 
drift, by the side of the hill, and tenuinnting at the 
m»th bore^hotef and 1 find there is a difTcrence in tho height of the level, and the depth 
of No. 2 bore-Me^ Fig. 10^»0, of 61 ft., fullv corroborating wliat I liave before stated, namely. 
— That the have not yet rcachwl tho saodstono which overlies the top bwl ; and if 

you will allow mo to explain my sections, I think they will prove you tlmt tho ironstone 
they have cut through belongs to tliat which we call the oolitic buds, and which arc found 
in different localities in the Ornsmont district, not so thick, it is true, neither are they mag- 
netic: but they are found, as X before statcil, occupying the same geological {MMitirm, and acenm- 
}ianied by tho same description o( strata. Section, Fig. KKkt, is taken iwtweeu (loathlnDtl Mill 
and Beckhole, near Ornsmont, which, you will observe, contains the same alternating strata 
of sandstone, slmle, coal, and iroustone, as you aee in ^tion, Fig. 10K7, which is a trausverse 
ooction of the vale of Hosodalc, reprewmting the strata they have bonsl through there. The mm- 
stone l>tKls a and c, in section. Fig. BXHl, are, in my opinion, the same as those marked a aud c in 
section. Fig. 1087. The ted c is very irregularly diffused throughout this portion of the oolitic 
district. It is found in the nodular form. In some places you find it of coimiderable thick- 
new, and then, again, entirely wanting. K»>metimes of gijod quality, hut more frequently coarse 
and inferior, and gradually alternating witJi the samlstoiics. The bed a is more nrgular, but 
thinner, and of very good quality: its upper portion consists of a nodular ted averaging fnmi 
3 to 0 In. ; and the lower |>ortifm a l>od averaging from 12 to 18 in. In thickness. Wherever I liavo 
met with those beds, however, I have always found them so variable, both in extent aud thickuess. 




Rtftrenoe .‘—I, 2, 3, Sandstone, sJiale, and coal. 
4, SiUuliktoDe. 5, tapper lias, a, 6, c, Irooslone. 


Ftn*. Ft in. 

12 5 6 I 
12 1 0 
11 5 0 


with other b«»ds of post, 
mixed witli shale. 



AS to afford no reasonable prospect of their paying for working. They may certainly be found 
different at Kosrtlalc; but I would just observe tliat I consider horing a inosi fniUtcuma made of 
firovimj irotkdtnu depositt la s4Ai<a such as that which these borings liave gone through, you are so 
liable to mistake a nodule for a bed, or a portion of a bed. 1 shall bo much surpri^ if you do 
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not find the section of jronr shaft, altould you aiuk one, veiy diflcrcnt from the section of yonr 
bor^hotf. 

Wood . — Then it is a question of policy, in Bewick's view of tho case, commcrcmlly comndered. 
whether the horin^rs should not bo nmtinued. Witii re^ird U> tho identity of the pn«ition in 
tho series of the bod of ironstone iHn{dn»; amund the Ihwedale Talley, ns shown in Fi^f. lO*,)?, and 
also in Fig. 10fi7, it BpiN'ant Vi be undoubtedly the top bed of Cleveland. All parties ailmit this. 
Then the question is. Is the bed of ironstono proved at the pit No. I. Fig. 1089, and tho bed 
corresponding therewith and prove*! in the Imre-holes Nos. 1, 2, and 3, and therein designsted by 
me as the top seam, the same !>e<l of ironstono ? Bewick thinks not, and that tho borings have not 
vet reached tliis bed. 1 can. of course, only refer to the liorings, driftings, and the section of pit 
No. 1, and I must add that there ap|»ear!i to me no doubt whatever on the subject ; ami the fact 
tliat. acconling to Bewick's plan. Fig. 1097, we have the top bed on both siiles of the magnetic 
quarry*, ranging as accuratelv as can he conceived with this lad in the bortnga. confirms this 
■uppnsition, in my opinion. It is true that this ImhI in at a lower level at the south nr left-hand 
drift than on tho nortli side, but this is charly the effect of the dyke slmw n in Fig. 1087, which 
throws down the strata in that direction. With rcgartl to the supfimto*! want of what B*>wick calls 
tho thick Mindstono strata immediatelv aliove the top l>e*! of ironstono, and shown on the section, 
Fig. 10!>6, Ui bo 100 ft. thick, I have jooke*! carofuUy over the sections given in Marloy’s jiaper, 
and I do not find in any one of thorn, except at Eaton Nab, tho extreme nortbom ]>otnt of 
the district, any bed of sandstone approaching to that thickness, and there the s*ectioD given Is 

n. In. 

Freestone (JO 0 

8hiverv* jsiat, patehos of jot, and fire-clay 34 0 

Top seam, exclusive of sliale bon^ 13 

At Rosodalo CHiffs, between Btaitlis ami Runswick Bay, wc have 


Fre«'stono 20 0 

Fire-clay 4 (> 

Freestone sliale 5 5 

Blue shale 0 10 


Top st^m. exclusive of shale bands 4 7 

Still farther south, tho sandstone at Wreck Hill is only 10 ft,, with 2 ft. 6 in, of shale covering 
the Vip seam ; and at Grotmumt, Marley gives 25 ft. of sandstone, and another sc^clion at 58 ft. 6 in., 
which he iavs varies in thickness and quality. At Fryupdale, the thickness of sandstone is given 
at 55 ft., and at another place, namely, Swaiuby, tlic following is tlie section 

Ft. In, 

.. ..3 0 

I Ncar the timekiin this is 
100, with 9-inch iron- 
stone balls in it. 

0 9 
1 0 
4 0 
0 9 

n (i 

Shale 5 0 

Conmo freestone 3 6 

Shale, with oecasional nodules of ironstone 13 0 

Top scam 28 0 

Considering, therefore, that in the Ix^rings there is about 00 ft. of snnd:«tone, there does not 
apptar to me any substantial difference between the shale in those borings an*l in the other jarts 
Of the district to justify the supfiosition that the upper l»e*l of ironstone is not the top seam. 
Bewick thinks the bore-holes have not nachcil the sandstone he describes. If so, he should like 
to aak Bewick what scam of ironstone that is m the district which has been We*! to? 

Btreick , — It it, in iny opinion, as I have previously stated, tho ironstono found in the oolitic 
•erica. 

WW.— ^Micre does it occur in tlie other districts? ^Ticre do you find another similar deposit 
in Mr. Marlev’s sccti<ins? 

Jf<ir/<v.— br. Verity gives a varif ty of ironstone seams. If you refer to my paper, you will find 
there are several ironstone seams lying over the »cam, which we agree to \m> tlic top swam of 
Cleveland. Professor PhiUipa said that, with the exception of tho clmwificsation of namea, this 
section was practically correct. 

HW. — Do you think the ironstone wliich crop® out all around the valley of Rosodale is the 
top seam? 

^nra'4.^1 think so; I have no doubt about it. 

U'oor/.— If we are agre«d about the dopnait of ironstone fouml cropping out around the valley of 
Roscilale. as sliown in the different plana, then there ran be no difficulty in tracing tlie mndstine 
overlying that bed to the sandstone first of all sunk through at tlie pit! Fig. 1089. and thence to 
the b^ngs Nos. 1, 2, and 3; and Ihcs** borings having pa>#Md through the upper of ironstone, 
lielow such sandstone, and then thnmgh the magnetic be*l. there cannot be the least doubt of the 
geological position of those beds. With reference to the levels, there is no discrepancy whatever 


8oil, &c, 

Freestone 

Slaty rtial 
Shafo 
Sandstone 
Slaty coal 
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in that respect; there ii a riae in beds in the tine of the drift, and in the extension of that lino to 
the boring and the direction of the line between the borin<;i4 to be nearly wator>levcl at 

that part. There is not, therefore, the li^t discrepancy on this point. I have taken the < )rdnanco 
iimiM as my ^iilc as regards the lerels, and have no doubt they are correct. Wtiatever opinion 
may, theruforti, bo arrived at with respect to the comparison of the ImhIn pmve<l in the lK)riDgs and 
in the pit, witli tiie btds at (imsmont, Ac., there apisars no doui)( in my mind that the maas of 
ironstone of the iiuarry is a detacluHl portion of the tldck or lower bod of ironstone, and that stioh 
licil exists in fit** for a considerable, and, of course, at present, for an nnknoa-n extent in tho 
locality of IbxwiloU?. 

Bernt'k . — If our Preaiilent means by nit Fig. 10«9 the air-shaft sunk on the main drift, I quite 
agree with him that the sandstone fount! in that shaft is the same as that which overlit^ the top 
seam ; but, 1 beg to say, I entirely ditfer frr>m him in sup|smitjg it to he the same as that they 
hare gone through in tho boKngs. 1 am also op]M^*d to his opinion with rerereneo to the direc- 
tion of the dip and rise of the strata. There can Ih.* no doubt, I tliiok, but the strata on the west 
side of lloscMlulc, and to the mntth of the c/vcr»»that is, the |Ntint from whence the strata dip in 
contrary dirwtions— are dipping in a south-wi-stcrly direction, an shown in my section. Fig. 1(W7, 
and still more clearly prove*! by the rlyifl commenctnl on tho south side of the iiugnetic dyfce, and 
driven in a line with the sontli lx>re-hole, running nearly west, but which lias been discontinued, 
owing t*) the top mam, in which tho drift was ooiumuiicetl, dipping so much in that direction, 
instep of rising, as our President sup|s>ma, as, at the distance of not many yards, to l>e completely 
undiT waU*r-levcL With reference to tho slip-dyke or fault mentioned by tiiat gentleman, I can 
only state that I liavc never yet beem able to discover any diKlocation or ilisturbimce of the strata, 
other than wliat has been occasioned by tlic dyke of mngnetio ore in its immediate vicinity. Then, 
as to the extent of tho magnetic ore. all I can say is, I have paid several visits to Itosodale solely 
for Uie pur^Mwo of examining the strata in that ueighbourh<Msl. the many deep ravines which 
abound there affording ample opportunity for doing so, but I have never beim able to tra«> the 
magnetic ore beyond the vicinity of the uuarry, and every visit only serves to convince me that it 
is a chsuhI deismit. lu the sliape of a dvlce or vein. A wsl, however, of 500 yds. in length, and 
from 30 to 32 ft. thick, cannot W idcntid«Hl with a casual deposit ; nevertheless, 1 think, wry prf>- 
bably there may be a mistake in suppaning you have a soli*l mass of ironstone 32 ft. thick. This 
may have occurred from tiie borers having cut through nmlules or irregular |iatche.s of ironstone, 
ami also from the shale in which it is found lieing very hanl, and of the same colour as tho iron- 
stone. From these circumstances it is an easy matter to be mislc<l by borings. 

HVjod. — Whatever may have been the result of investigations on the surface, I do not think I 
can add any further information to that aln^ady given and aliown on the plans, to prove that a 
thick bed of ironstone of about 32 ft. exists over a space of upwards of 560 yds. in lengtli, and 
200 yds. in width, with m»t tho least indication of any change or termination of such deposit. 
It would, imlee^L, l>e a most extraordinary occurrence in the annals of boring, to suppose that 
occasional nodules, or irregular patches of ironstone, should have produced tho result roconled in 
these Ixirings. The boring through the ironstone beds was porf«jrro(Hl uuder tho imme<liate inspec- 
tion of a well-known expcHencod liorer, who kept tho specimens brongbt up the borc-hola ; 
and 1 can aild. that I examimsl a great many of the specimens mvK'lf with a magnet, and fonnd 
them magnetic. There is not the least pretence for supposing tliat shale enuhl l)o mistaken for 
ironsUme. Have you (a«o any mxlular magnetic iruustone in the (irosmont district? 

/fcicicA— Never. You muat re^momber (atldrcssing the Fresitlcnt) that you stato<l at the 
October discussion in 1857, that Professor Phillips and yourself hod discovered the magnetic ore in 
two localities two miles apart," namely, at Sheriffs drift and at tin* Quarry : and, again, in the July 
discussion of last year, vou state*! the stone in the drift south of the dyko was magnetic, but on 
examining it 1 fouml this not to be the case as regards both the drifts. I Ix'lieve the reason why 
there are so many cnnllicting opinions with nTercnce to the nature and extent of the magnetic ore 
is owing to the difficulty there is in distinguishing theore fnuu the top bod — that is, in siqiarating 
the igmxms portions from tho sedimentary : for, although they arc both fivquently magnetic in tho 
immodiatc vicinity of the dyke, there is yet a vast difference between them. The igneous portion 
is harder, heavier, and more compact than the M’djmentary ; and the former apiM^ars to have a**UHl 
uj)on the latter whilst in a heateti condition, much in the mime way as a magtiet actv upon a piece 
of common iron, imparting to it a portion of its peculiar magnetic properties. I may here l>o 
permitted to ad<l, that whilst 1 believe this ore to have Wen subject to a heat sufficient to evolve 
the different gases it contained, I yet do not Uiink the bmt has lieen of tliat intensity so ascatiVWy 
to expel it. We need not, therefore, bo surprised at trtu'ri of carbonic acid being found in tho 
chemical analysis of this ore. Hero is a K]M*ciraen of the igneous portion, wtiich I UK)k from 
the bottom the quarry, and, after examining it, no one can doubt, I think, of its having W-en 
•ubjecte*! to htat. 

Hcorf. — There is no doubt, as ‘state*! by Mr. Hcwick, that portions of the ton l>od in Rosrxiale 
are occasitmallv magnetic, and it was this property \ihich le*! to the mistake, if there are mistakes, 
in supposing tiic magnetic bod to have 1^-n *lijic«vered at Sheriffs drift, ami at the ilrift south 
of the magnetic *iuarry. The expI*»rmtions at that time had not been sufficiently extend(*d, nor 
have they ^'ct been prosecuted to such an extent os to ascertain if the miMjm'tic WkI exists in 
those localities. Finding part of the imnstonu |iartaking of magnetic influence led to a supprsti. 
tion tliat this Ixvl did exist in those localities, and the subsequent explorations have not nei-u 
prosecuted to an extent to asoertaiu the fact either one way or the other. To Jitetcick.^Vwm what 
part of the quarry did you take this Kpecimeu? 

Heiekk . — It is from the floor of the (piarry. This(shoaHng another specimen) is n sample of the 
top bud a’hich appears to have been partiallv burnt, and you will at once be able to detect the 
difference between them. These (showUig other specimens) are samples of the ironstone found in 
the oolitic rocks, in the neighbourhood of Groomont, some of the dmuIcs of which are amongst 
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the rioheet of the clay nr calmreouM imnKtones. I omittoi) to state that, with the exception of the 
first (>0 ft., where tiie (rroniKl wns so steep that I could not fix iny iii.Htrumpnt. and from which 
there may Ih* some tdi;;ht inaccuracies, I tmk my levels witli a And safe instrument, and the 
operation was performtHi in the ordinary way of Imck and fore si^hU. 1 find the diflerenco 
batweon my levels and what I suppoae the correct position of the top bed of ironstone, and that 
shown by the horo*holea, to be G4 ft. 

Wo(fK — The 4|uestion of the difference of the levels re.‘ds entirely upon the aasumcxl inclination 
of the beds ; a difierence of lev«‘l of ft. in a distance of 4<K) yds.^ accords, in my opinion, with 
wliat may be supfswctl to be the rei^ular inclination of the IkhIs. 

Betn'ck, — Yes; tut in your wetion you mimect two aandstones which have nothing to do with 
each other, namely, the Knndstone found in the air*shaft immediately overlying the top la'd, and 
the sandstone found in the hore>hotc, )>etw<M>u a'hieh there are st'veral feet of • 

and to <ln which you must of uecessitv raise your level line, an«l show the strata to l>e risine in 
t^t direction : >>ut the drift you Iwvo driven some distance into the side of the hill, and at the saine 
point as mv line of levels, shows the strata to be dippituf in th^tt direetk/n. 1 may mentitm, too, 
tliat had amither Iwd of 32 ft. thick really Unm met with in the bore-hole, it must have been 
found alons the sidi^s of the valley, which are intersected in so many places with mountain 
atreams. all nf which have l>e<’n Marched by persons having a fair knowledge of the geology 
of the immediate neighl>ourhnnd, but without the least trace nf it having Inwn met with. 

U*4jor/.— I cannot think that there is the least doubt that the sandstone in the pit, Xo. 1, 
Fig. \0S9, is the same sandstone as tliat proved in the borings; all the appearances on the 
surface, as well as the gimeral rise and dip of the strata, prove this. Kxtending the line of 
section across the valley, it is clear there is a genera] rise of strata along the line of section. No 
doubt the strata in the drift dip towanls the west, but that is no doubt influenced by the slip-dyke 
which crosses it. I wniiUI oliserve that, taking the line of section along the face of the valley in 
Fig. 1087, in the direction of the dotted line <i 6, aud aiiplying the inclination of the top bed of 
imiistnnc. shown Fig. 1007, to that line, and not to the curved or projecting line along the fhee 
of the hill, the position of the bt'd would be rising from <i towards 6 , and it would re<|uire a slip- 
dyke, shown Fig. 1087, to throw the ImM into its pri^icr {tosition along the face of the valley 
to the West of the magnetic quarry. On examining Fig. 1087 it will be seen that the magnetic 
quarrv* and the b>p lx>«i of ironstone, as shown in Fig. 1007, project considerably to the east of the 

C eiid Hue of the side of the valley, which, being towards the dip of the strata, shows the top 
at a lower level than if the section had been continued in a more direct line, or in the direc- 
tion a ft. Whatever cviQclusion, therefore, may be arrived at after all the explanations given, we 
have the fact of an almost horizontal bed of ironstone, and of nearly a unifonn thickness, distinct 
in character fmm the ordinary beds of the district, extending over a length of 568 v^. and a 
width of 200 yds., which clearly proves that it is not a vein. How much greater <)istance it 
extends, must left to future explorations to prove ; but it would certainly be an extraordinary 
anomaly in geology for such a thickneos of strata to disappear altogether in a short distance. If 
it extends across the valley, as shown in A*w-icFs plan. Fig. 1096, then there is no reason to sup- 

C that it may not extend to the same distance to the north : and if, according to Bewick, the 
ngs have not yet nsiclied to the top bed of ironstone, tlien the deposit of ironstone, in the v^cy 
of Roaedale, is richer in ore than either Professor Phillips or myself has set forth. The correct 
extent must, however, be left to future explorers to discover. Enough has been proved to show a 
moat extraordinar}* dtqKwit of a very pociuiar and rich Ironstone, and well worth further investi- 
gation. 

Brtcirk . — There is a section of the crom drift, shown in Fig. 1089, driven at right angles from 
the main drift to prtive the breadth of the dyke, and which, at the distance of 16 yds., cuts the 
shale, and apparently touches the bip seam at the same time. At the distance of 6 y«ls. the stone 
in this drift ceases to be magnetic. It is, therefore, inoomprehonsiblc to me how it can again 
become w> at the distance of 200 yds. from this point. (H course, you have a right to infer from 
the information that reached you that such is the case. Still I would strongly recommend tliat 
tliu borings should be continued to prove whether the sandstone be below you or not, to ascertain 
which could not fail to give griwt satisfactiou to all concerned ; the cost would not bo great, as the 
bottom of your borings must be near the top of that itx’k. 

Wwd . — The cross drift was not sufficiently extended to the west to prove the dyke, but, as 
there was a conHidcrable rise of the strata in that direction, no doubt such an inclinaticm has bi'en 
orcasiniied by the proximity of the dvke, shown on the plans. Figs. 1087, 1088. All the facts show 
that the slip^dyke has liei.m a dislocation sul>sequent to the formation and consolidation of the various 
bods aflfecUd by it ; and conset{U(!ijtly such avke could no^ we can scarcely conceive, have any 
influence on the character of the ironstone be<l itself, csiHcially as it is not conUmdcil, I believe, 
that such dykes are either of a l>aMiltic or mineral character, thero being no appearance, in luy 
judgment, to justify such a conclusion. 

7*u^«ia// Bort‘hoU». — P. S. llcid Wing consulUd as to the chance of finding coal in the Cleveland 
district, at Kirkicvington. near Yarm, and finally ho was requested to superintend a lioring then 
pursued to the depth of 582^ ft., but which, owing to circumstances which were difficult to deter- 
mine, had become very ex|N>iistve. and made slow progress. 

The 582J ft. luui l>i>en ikme entirely by manual labour : but Reid recommended the erection 
of a borae-gin, in which the fiower was appliixl to a 40-in. drum placed upon a vertical axle, tho 
arms of which admitted of applying two horses, aud men at pleasure, the power gained being in 
the jini|iortion of one to ten at the starting-point for the horses. 

Upon the upright drum a <loubli>-eudi'il chain was attached, which worked over sheer-legs 
erect^ immediately over Uie hole, so as to attain an oflftake for tho rods of 10 fathoms, and so as 
that, in the art of raining or lowering, there might always be one end of the cliain in tlie bottom, 
ready to be attached, and expedite the work as much as jiossible. 
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These amincrements bein^ miule, it was soon ftjuiid thst then* was n ib'fert in the tubins which 
WAS mserit‘<) the depth of 100 ft., niid the dehtd n lui wi m*rinuA, in penuittinf? the i4iml to dcHcend 
and W Hpiin.hmuKfht up with the as to render it very diOiouli h» tell in wlmt Ktmta 

they n'allv were: tluH iiier(‘asod to such nn oxU'nt as to cause the HtUiii}; up of the hole in a ain);ie 
night to tbc extent of :^) fathoms, and occupied nearly n fortnight in cU'aring tlie hole out again. 

i )n oarefully examining into thin def*>rt, it apja-nivd that the water rose in the hole to the depth 
of A. Fig. lOOS, 74 ft. fnmi the Hiirface: and that at this {loint it wa.s aUmt level with the high* 
water mark on the Tees, about tw'o miles distant, which it was no doubt cimnected witli, by means 
of pi'rtnenble gmvel be<ds, extending froiu the arenae<>ouM strata at B, Fig. 10l<8. 

On eommetieiiig to lM>ru, the motion of the rods in the hole causihI the vibration of the water 
lictween A and C at the t>ottoui of tlie tubing, and so dislurU<«l the quiescent sand as to cause it 
to run down through the* faults in the lower end of the tuhing at the latter point. 

This tubing was ramie of galvani7.t'd iron plates, rivoUnl togtdher aiul (uildertHl so as to attempt 
to make it a wuterdight easing: at the top of the hole it was in tims* cuiieentrie eirclex. which had 
Imm u sert'Wt'd and forced down successively until an obstacle was met witli at each dillereiit place 
ahown hy the letters B, K, C. So norm as theouter cirrlo reacbtHl the depth of 1), nil ho|H> ttpisnini 
to liavc vanislied, from those who bored the earlier }strt of the work, of getting the tube farther: 
a s<*eoml tu!»o was. therefore, iuwrttHL wliich «*ems Ui have mlvane<.Hl ns far ns the point iuarke«l 
£, where it, in its turn, was nI>andom-tl; and n third one advanced until it resUrd in the strata nt 
C, which is, no doubt, the lower part of the lias freestone of a blue natun>, as fmmd on the roeka 
at Si-aUm i’arew, aud in the bed of the Leveii, near Hutton Hudby. The diameter of the first 
tubing wns Sj; in. external and in. tnWmaj; tlie MHxmd tulH-^ was 3^ in. cxhTiml uud Sin. 
intenial diameter; and the thirri tnlie was in. extcnial and 2} in. internal diameter. 

Such btdng the at'count gatlienMl from the workmen who sii|K‘rint>mde<i the (‘nrlier port of the 
Imring, it iH-came n<irf7«nry to d»*cide u|xm the Is'wt course to rcmicily the evil. At first sight it 
would have apjamred easy enough to have cauglit the lower end of the tnlx^ by means of a fith- 
heml pro|H*rIy ooutrivni, and thus liave lifU'tl them out of the hole, and rt'placcil them with a 
Iterbvt tube, such as a gaa*tul>e, with fnurt't screw-joints: but, on atteiupting this, it tssm became 
evident that, however iierfect the description of tubing which might have la^n a<iopti‘d, it would 
be a work of the greatest ditficulty to extract when once it was regularly fixtsi and jamrac^l into 
its place hy the Umat'ious clayey strain surrounding it ; and that the difficulty of extracting, in the 
nreaent case, was even cnhancetl by the inferior quality and make of the tubing: in short, that, unletM 
oy crumpling it up in such a manner as todestrey the hole, it was impossiblo to cxtnu't this tubing 
by main force. 

There was, therefore, no other choice left, but to attempt cutting it out. inch by inch; though 
befiWD doing so, I may adil. says Kuid, that we did att*‘inpt main force, to the (‘Xtent of upwanls of 
30 tons, applied to the )>ottom of the tubing, in which the only sueceas w*e athdued was. the losing of 
several pieiu*si of steel dowm the hole, whlcli we were com|K*lleil to fisit up with a powerful magnet. 

After much mature consideration and oonirivancti, it was dctctrmined onler such a |aTf»*ct 
tubing as wovild at the KUite time pr<tsent as little obsta4'le us istasible to the clay to lic (wtased 
thmugh on the outside, as well us Nurround the largest of the three tubes then in the hole, and 
pres^mt no obstacle to ihfir being withdrawn through its interior. 

These tula*s were made 12 ft. in length, fiush outsido ami in. the lower portion l»oing steeled 
for 6 in. from the Isitbrni end, «o o-s to cut its way and follow down the apoce, and cover that 
expos'd hy the old tubi's when cut and rlrawn. as shown iu Fig. lOblh 

III order to commeuco o{N>retiona, and avoid too much clay going down b> tlie lx>tbmi of the 
hole, a straw-plug was firmly fixed in the liaa portion of tin* hole at F. Fig. lOlW. The lower 
portion of the now tiilw*!! was tlicu screwed on to the top of the old ones by means of powerful 
clanqMi. attaelusl b> ttie exterior iu such u manner ns to avoid injuring the surface : and an soon ns 
it was eviilent that they could Iw scriiwtsl no farther, the knife or ciitU'r, Fig*. 10i>9 to 1101, 
was introducoil insklo the old tubing. Some force, it will be evident, was mn-deil to gid this knife 
doam into the tubing, but the spring o giving so ns to aecomm<Hlate itself b* the hole, {lermitted 
its descent bi the distance nx^uinsl ; this being efToctt<d, it was tunie«t round so that the st^d cutter, 
shown at being forced against the sideji of the tube, cut it thruugh iu the eourae of bm miuutirM 
or a quarU r <»f an hour’s turning. See section at A, c. Fig. 1101. 

The old tubes Inung thrw-ply, thre<* of these knives or cutters were reqniretl to cut out tho 
three tubes, the inner one lieing detariie<l first, ami then the two exterior ones ; and so soon as these 
latter were cut out ns far as they had lieeii for^i into the clay, the work l»ecame simplified into 
following down tho iiibirior tubing by the new tubes, as shown by the dotUil lines from d to c, 
until WH arrived nt the lower end, where it was evident ttint tho old inner tube had hci-n so 
damaged or tom, cither by the putting in or hammering it down, as to l«»ve a vent or fissurtf for 
tho sand to descend, and thus spoil the whole of tlie work for all future success in the boring, to 
say nothing of the very great cost of lifting the saml out, and submHpicnt moot arduous labour b» 
put the hole right. 

We (mys Hcid) finally rocf)mmenced tho boring after about a month's labour in taking out the 
old tubing*, leaving the new ones firmly bofldrxl into the lias formation nt G, Fig. lOlM, 112 ft. 
from the surface, aud sul>se4{ueutly bonnl b> a depth of 710 ft. in the new re«l saml*lon<f fommtioti, 

1 irocef*diug at the rate of aliout 3 ft. in the 12 hours, and leaving the hole so as, if rc(|uisite, it nmy 
le widennl out to 4 iu. diameter; and, possibly, should more sand 1m* met with on reaching tho 
magnesian limestone, or sands connected with it, it may again be rctulMnl and the work con- 
tinued to such depth as may be desimblc. 

Hi’id obsorviHl. in his |jaiK?r published in the ‘Transaction* of the N'orth of Knglnnd I. M. K.,* 
“To the care of G. H. Lh«yd iu the mauufactiu*e I attribute a gissl deal of my succcj** in renewing 
these tubes. At the same time, the experience so gained in their conatrnclion couvinci's me that 
if adopted in many places where air-holes are reK^uired in mines, and which will not justify the 
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coct of Binking ft pit on ft Iftrge scftlo hj 
motiuftl labour, gooa welUmftde tubes of this 
description might, eren up to 18 in. duuncter, 
^ answer aa a oonrenient tubing for air-abaft 
sides; and tho interior could bo extract^ 

1 by boring-tools, similarly to those adopted in 
• ‘irtffinn wef/s and mines on the Continent, 

, by Kind and DegousM. 

** I am further convinced.” remarks Reid, 
J “ that in tho artesian wells, especially in 

2 fiBMing through objectionable springs, the 
tubes would answer admirably, and that they 
<'ould, by powerful clamps, be readily forced 
down, so aa to secure a large volume of water 
from the lower strata, and effectually prevent 

' the injurious mixture of inferior supplies. 

{ iiao. not. 





“ Fig. 1098 shows the geological position 
of the upper portion of the bore-hole, and the 
depth to which the im|>erfect tubing was in- 
.• aerted ; it also shows the tidal range, which 
we were ultimately able to take advantage 
of, by sinking ao as to get 4 fathoms more 
offtake, and expetlite the work; the water 
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still rising only to A, snd flowing always from that point when passed down the bole. Fig. 1099 
allows the action of the knife and spring-cutter, when forced down into the tubing, ready to 
commence cutting. It also shows the lower end of the new tubing enclming the others at the 
commencement of the work ; the junction of the tulies, by means of the halfdap screw, being shown 
at). Fig. 1100 shows a front view, with knife or cutter h. Fig. 1101 shows the action of the 
spring and cutter when the requisite length is cut through and ready for lifting; the position of 
the tube being maintained perpendicular, or nenrlv so. by the lull or thickening on the rods at K, 
and the lower end of the tube being supported fcy the projecting steel cutter at 6, the dotUxi 
lines from rf to « showing the position of the new stoel-ond^ tula? when screwed down wwly for 
another operation. In boring deeper after the tubes were removed, three wooden blocks were used 
round the nsla in the new* tiu>e to keep them plumb. 

“ In examining the nature of the strata thus passed through, as described, it will he evident that, 
to ensure success, the tubing, of whatever it is made, should be as truly cylintlrical as possible, 
straight, and flush surface, Isdh outside and in. It will also be evident that in thus joining pi<>ces 
of timing together in this manner, the thickness ought to have a due proportion to llio work 
reqainxl, and the force likely to be useil in screwing them down ; and also that the only correct 
way of getting such tubes effectively into the ground is by screwing and not hammering, as in the 
case of pile-iiriving, nr similarly to forcing a nail in. The author has seen this attempted on 
several occasions, but invariably with failure to the success of tho work, and is convinced that no 
aucceasful {>ractical borer will adopt such rotusurcs. 

In some cases we had to widen out holes below the sharp edge of tubing, so ns to permit its 
descent. This is an operation requiring great care and attention.” P. H. Reid, iu (vmcliidiog, 
observed, “ That no branch of mine-engineering is qualifie<l to bring out more thomughly the 
abilities of a young engineer than a perfect knowledge of the science of boring, requiring, as it 
does, the beat mechanical skill, as well as tho best Icnowlcdge of anaying rocks oy chemical 
analysis. Uc is aware of more tlian one deep boring in important districls, which were flnished 
many years ago, and cost large sums of money, but which, in the then knowledge of chemistry, 
were not critically examined, and hence, so far as their results arc concerned, are utterly useless ; 
the fact being that, beyond tho colour of the material bored tlmiugh, it is unknown whether it 
was a limeatonc, or what it wasi, to this day.” 

Hork-horing In driving a tunnel or quarrying in hanl rock, the onlv method 

wherebr the rook can workrMl is by blasting; and the Kock-boriug Machine, which we will 
prosentfy descrilie, was coostnicted by (.ieorge Low for the purpose of boring the blasting holes, 
with a view to facilitate and expedite tho work by superseding the very slow and laborious mode 
of performing this operation by hand. The macliine is driven by compressed air, and works a 
boring tool or jumper for boring the holes; and the boring-tool works in a direct line, with a self- 
acting reciprocating motion at a vorr high velocity, and is continuously turned round during iU 
working, being made to rotate slightly Ixdween each blow. 

The boring-tool is fixed direct upon the end of the piston-rod of a working cylinder; and this 
working cylinder mov^ within another exterior cylinder, in which it is roaile to rotate for tho 
purpose of giving tho rotating motion to the tool. ' The working cylinder has also a longitudinal 
forward motion within the exterior cylinder for giving tho advancing feed to the tool, the working 
cylinder being propelled forwards by tho eompressedf air that works the tool, thereby dis{>ensing 
with the necessity for employing propelling gear, which is liable to break or get out of order, and 
is subject to rapid wear. The exterior cylinder is rarritd by a spherical trunnion in a movable 
radial arm or jio monntod on a travelling carriage, which gives the means of adjusting tho boring- 
tool to any desired direction and position, so that the holes may be bonx! in the most suitable 
directions, according to the strata of the rock, for the blasting to take the best effect in bn*oking 
np the rock. 

This rock-boring machine, which is the invention of O. I>ow, is shnwm in Figs. 1102 to 1112. 
Figa 1102 to 1106 are sectional plans and longitudinal sections, showing the boring-tool and 
working cylinder in different positions during the working of the machine ; and Figs. 1 107 to 1112 
are transverse sections at succeaaivo points. 

The machine is only 4 ft. 6 in. tola! length, being made as short as possible in order that it 
may be moved in any direction in the tunnel, so as to enable it to be set to Imre at any angle and 
in any position and direction that may be desired. The working cylinder A, Fig. 1104, constructed 
of brass, is placed inside an exterior cylinder B of cast iron, which is fitted with a spherical 
trunnion C to support it in the radial jib or arm of the travelling carriage, as shoi^ in Figa. 1122, 
1123. The inner cylinder A is free to move longitudinally within the exterior cylinder from end to 
end as it advances during tho procees of boring, as shown m Fi^s. IHH and 1106; and it is also free 
to rotate within the outer cylinder, for giving the rotating motion to the boring-tool D. Tho back 
end of the working cylinder A U packed with a cupped leather, shown black in Fig. HOC, so as to 
be air-tight when moving within tho exterior cylinder B. The front end of the working cylinder 
A fits into a wrought-iron cmas-head E, in which it is free to revolve ; this croa»-hoa<l is bored out 
on each side to slide upon the two screwed guide-bars F, which are boltc<l to the exterior 
cylinder B, Figs. 1106, 1110, and 1111, and are carrifd forwards to the end bearing G of the 
maebino. The guide-bars F have a double thread of l}-in. pitch chased upon them from end to 
end, but the thread is planed off on the iuner side of each screw down to the body of the guide- 
bsir, for the purpose of obtaining greater compactness in the construction of the machine, os seen 
in the transverse sections. Figs. H 10 to 1 1 12. 

At the back end of the worWng cylinder A is the air-valve N, Fi^. 1106 to 1108, which is a 
circular disc valve with six inlet-ports and six exhaust-porta, as seen in Figs. 1107. 1108. This 
valve is turned by a double spiral cam O, which is carri^ forwards into the end of the piston and 
piston-rod K, and is acted upon by tho four rollers 1* P. Figs. 1106, 1109, bearing on both sides of 
the spiral wings of the cam. Tho spiral wings are so slop^ that as the piston moves baekward.s 
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ami fnrwanlo tli(» (am U ffcntly turn<Ml or twiated, o«rr)'mjj with it the air-valre N fixed u|)on tho 
apindle nf the cam. The hinnes of the cam are so arrange«i that the valve N opens the inlet'jiorta 
for admitting; the eompresscti air to act upon the large area of the piston, in order to make the 
forward stroke of the tool ; and the valve is then timied so as to allow the nir to exhaust again 
after the piston has struck the blow. The return stroke of the piston is produced by a constant 
pressure of the compressed air upon the small annular area of the front of the piston, the pressure 
for this purjKMc being maintains through the two ports shown in Figs. 1100 to 1110. which are 
always ofirn. Tlie t^xlumst sir is discharged at the front end of the exterior cylinder D, being 
carried along grooves in the circnmferencc of the workiug cylinder A, as seen in the plan. Fig. 1101, 
and the transverse sections, Figs. 1107 to 1110. 

’ ' The Itoring-tool is causc<l to rotate by rotating the working cylinder A, the pisbm lK»iug 

prevented from turning in the evlinder by means of two flats planed on opjsieite shies of the piston- 
rod K, which fit into oorrespoading flats in the stuffing-box of the evlinder, ns seen in Fi^. 1100, 
1110, and 1115. The rotating of the working cylinder A, witii tne piston and boring-tool, is 
eirccte<l by hand by the worm Q, Fig. lUO, which is turned by the handle H, Figs. 1110, 1111, 
and gears into a worm-wheel fixetl on the stjuare shaft H. llic brass pinion T, Figs. 1103, 1105, 
and till, slides upon the shaft 8, and gt'ars into the teeth U round tbu circumference of tho 
working cylinder A. Figs. 1104, 1111 : so that by turning the handle K the working cylinder is 
cause<l to rotate ; and as the cylinder advances at each turn of the nuts H, the pinion T slides 
forwards with it along the a^uarc shaft A, as seen in Fig. 1105. In an earlier construction of the 
boring machine, having a pair of cylindrical trunnions instead of the present spherical bearing C, 
a self-acting rotating motion was obtained from the spiral cam O that works the disc air-valve N, 
by prolonging the spindle of the cam through the Imck end of th«r exterior cylinder D; and a 
. couple of pawls on the end of the spindle worked into a rati'het-wlieel on the'end of the Miuare 

sbafl 8, which was also predonged backwanls for the purpose in the abeence of the spherical iHtiriug 
C. In practice, however, it has been found preferable to rotate the working cylinder by band, by 

* means cji the handle K, as ats>ve descrilaHl, becaiisi^ tbo very rapid r«K*iprncation was very severe 

, ^ upon the self-acting rotating motion, making it liable toderongi'ment : and the band arrangement, 

liesides having the advantage of simplicity, avoids the necessity of prolonging the shaft S 
f backwards, and thus allows of adopting the spherical trunnion C, which gives increased facility 

for turning the machine into any positiim desired for boring the holes. 

, The er<j*w-hen«l E slides forwanls along the two screwed bars F as the working cylinder A is 

odvauced inside the exterior cylinder B during the process of boring ; and in front of the cross- 

* bead the nuts H are fitted on tbo screwed bars F, against which the emsa-head and with it the 
working cylinder are nressed by the pressure of the compressed air behind the working cylinder A 

* The nuts H are held from tumiug, and thereby prevented from going forwards, by four pn> 

* jecting stops u{)on their circumference. Fig. IITJ, which are caught by the catches 1 below': these 

' (wiches are kept pressed up l>y springs against the undcr-eido of the nuts; and between the two 
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ratrlied i» pIao<>fl a tappet J, tw> curve<l timt H mftjr be ntnick by the end of the pLitoo-rod when the 
latter hae reached the outer extremity of its stroke, as shown in Fig. 1105. 

The mode of action of tbU advance motion is as follows: — The compressed air is admitted by 
the flexible pipe L into the exterior cylinder B behind the back end or the working evUnder A, 
which is thus kept pressed outwards against the cmt«H-head K, while the cross-head is kept in its 
place and preventeu from going forwards bv the nuts H, and these are prevented from turning by 
the catches I. But when the boring-tool 1 ) has advanced 9 in., the distance due to .one quarter 
turn of the nuts H. the outer end of the piston-md K, which U allowed a range of f in. rariatioa 
in the length of its stroke, strikes against the tappet J, as shown in Fig. 1105, and depresses it 
sufficiently to make the catches 1 release the projections on the nuts H ; the forward pressure of 
the working cylinder and cross-hea<! against the nuts then causes them to slip past the catches 
and advance one quarter tom, thereby moving forwards J in. upon the screwed bars F, when the 
next projections on the circiunfcrencio of the nuts arc caught dv the catches 1. This process is 
re|)cat4d fur every } in. bored by the tool, until the nuU roacn the front end of the screwed 
bars F. 

By this arrangement the boring-tool is allowed to advance at whatever rate it may be rutting 
in the rock. When the rt>ck is eomparatively easy to boro and the tool is cutting rapidly, the 
pn»u<ctionH on the nuts slip past the catches fnim one to another rapidly, and mnseqnently allow 
each successive J-in. advance to occur more quickly : whilst when the rock is harder and the tool 
is cutting slowly, there is so much longer an interval between each release of the catches, and the 
advance of the nuts is less frequent, thus admitting of a greater number of strokes being made by 
the boring-tool f<»r each f-in. length of hole bored. 

For winding back the working <n'Hnder A by hand, when required for the purpose of changing 
the boring-tool, the two worms M M, Fig. 1112, turned by a liand-wheel, are geared into the nots 
H, as shown in Figs. 1102 to 1100. The friction of the worms also acts as a break to prevent 
the nuts from turning too suddenly, ns it eausM them to move gently when the projections on tbs 
nuts aro nd<asod by the catches I at each f-in. advance of the ^ring-tool. 

As tho working cylinder A and rross-bead E only press loosely forwards against the nuts R, 
neither tho nuts nor tlic screwed bars P receive tho slightest portion of tho concussion from the 
blows of the tfiol : but tho shock of each blow is convoyed direct to the air-cushion behind 
the working cylinder A, in the bock end of the exterior cylinder B. This effectually prevents 
crystallixation of the portions that are exposed to the direct concussion of the blow, and prevents 
any hsisenitig of the several parts of tho machine; it also relieves the carriage-frame from the full 
shock of the l>low, and steadies the boring cylinder. 

At the outer end of the two guide-bars F are two screwed caps V V with steel points, 
Figs. 1102, 1104, for the purpose of steadying tho ond of the mechme against tho rock. Tbs 
outer end of the boring-tool D is steadied in the front bearing G, across the end of the two guide- 
bars F. in order to compel the tool to bore straight when it meets with extra hard rock or quarts 
veins inclined to the direction of the hole : and by turning the handle W, the top bearing or step 
can be readily lifted out when the boring-tool requires taking out for changing. During the 
working of the bud a jet of water is kept constantly plaving into the hole : and this, aided by 
the reciprocation of the tool, effectually clears out all the loose material as fast as it is detached 
by the tool, without ever requiring the tool to bo withdrawn, as in hand-labour, for the purpose of 
clearing out the hole. In one of these boring machines, worke<l in the Roundwood Tunnel of the 
Dublin Corporation Water-works, the water was obtain^ from the top of the tunnel shaft, being a 
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portion of that raiaod by the pampine engine which drained the tunnel, and the jet was thrown 
into the bore-bole under a pressure of about 80 lbs. {ler sq. in. 

The mode of fixing the ooring-tool D in the pistm-rod K is shown In Figs. 1113 to 1115. The 
fixing of the tool is a very important point in the working of the machine, in order to ensure a 
thoroughly secure fixing and at tlie same time the means of readily and quickly changing the 
tool. The tool D is dropped into a lux^ket in the end of the piston-rod K, and the parallel cotter X 
being then passed through is fixed by the screwed gland Y, which presses the tool home to the 
bottom of the socket, and secures the cotter eudways by entcriug into the two notches in the front 
edge. The gland Y is preventerl from tuniing back by a ratchet and spring Z ; and fbr releasing 
the tool the spring is held back by a stud while the gland is unscrewed. 

Several <liflerent forms of boring-tools have been tried with the machine, but the results of 
experience have led to the adoption of the two forms only that are sbowm in Figs. 1113 to 1119. 
The rose-tool, Figs. 1113, 1117, having two chisel-edges at right angles to one another, is found 
the best form for commencing the hole and boring the first 9 or 10 in. length. The shape of this 
tool, in conjunction with the continuous rotary motion given to it between each stroke, prevents 

mo. 



it from being led away sideways when it meets 
with a vein of quartz harder than the rest of 
the rock and lying much inclined to the direc- 
tion of the hole. The second tool, Figs. 1116, 

1118, used for completing the hole, is a chisel 
formed with the cutting-^go in three bevels a 
little inclined to one another in both directions. 

The chisel shown in Figs. 1114, 1119, was found 
the best for br>ring straight, but it could not be 
made to stand well, and was consequently aban- 
doned. A hollow tool lias also been tried, into 
which was inserted a water-jet; and the exhaust 
air from the cylinder was also turned into it, 
which blew the water out fmm the point of the 
tool into the hole witli considerable force. This 
was fouml a most 1 ‘xcollent plan for keeping the 
hole clean : but in consequence of its complica- 
tion and the liability of the jel-orifico to become 
choked up with deposit from the water em- 
ployed, it WHS aliandoned, and tbo separate 
watcr-jet alrearly described was substituted. 

The frame and carriage for this boring ma- 
chine are shown in Figs. 1120, 1121. The tra- 
versing carriage A Is made very low, in order 
to allow of readily removing the debris from 
blasting ; and upon it is mounted the upright pillar B, capable of swivelling round upon the carriage 
and having means for clamping it securely between the top and the bottom of the tunnel. The 
working cylinder C with the boring-tool U is carried by the transverse frame or rest E upon the 
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{•stn*mity of the hnriKoutal iib F projecting from the wntrepillnr B. The arm O carrying theimring 
cylinder C cnn l>e tmvenied into any |Mwititin in tlu* frame E by nK<nn8 of a aerew-mntion worked 
by the hnnd<whoi'i II ; while the frame K can itwif Iw? turmtl nmnd ujnm Uie axix of the horizontal 
jin F bv the lmn«l-wltiM*l I w<irking the worro«wh«'<*l J, and the Jib F can Ite hngthened or shortened 
oy the hnnd>whc*el K. By thia nn-aiiH the lioring criinder (5 can I>c adJiustcHi to any part nf the 
face of the tunnel : and the npherical tnmuioii by which the boring cvlinder ta carrital in the arm 
G allowAof ita Udni; placi'd to bore in any pnaition and direction. Thcae soTeral ndjuating move- 
ments enable the tool to bore the htdea in the exact line the miners may wish to place the hhot, 
as the Ijnring cylinder cnn work either upwnnls, downwards, sideways, or at any inclination; and 
all the movements are at all tim«^ central and within i-asy reach the attendant, whatever may 
be the direction or |Kisition of working. 

The transverse frame or rest E is provided at each end with a pair of projecting steel points 
L L. which can be lengthenwl or shortemsl w» as to clamp the rest securely against the rock, 
thereby relieving the horiziuitiil Jib F and the pillar B from the shoeks pro<iuce<l by the hlr>ws of 
the Imringdool. The steel jwiinls 1. are nttache<l to pistons inside the eoliimns nf the rest K; 
and. by admitting the eompre.-*Mtl air Is-tween the pistons, the )x>ints are caused to strike out 
against the sides of the tunnel, and nr>' then secimsl by M'lf-locking catches. It is generally found 
sufficient, however, simply b> wedge the hind wheels of the carriage in order to render the whole 
perfectly shady, without any necessity for clamping the carriage and rest against the mck. 

The coinpr<*Hs<Hl air for working the ls>ring machine is supplied by an Air-compn^asing Engine 
at the top of the shaft, driven by a small fsirtablc sUani-cngine. The air-compressing engine is 
shown in Figs. 11:^2 to 11*20, and ermsists of two horizontal (vmiprcsstng cylimlers A A, Fig. 11*2*2, 
fitted with air-tight pistons |>acke<l with brass rings or cupped leathers, Fig. 11*24. (hi each 
end nf the cylinder A are upright cliamlicrs C C, and on the ton of <>uch cliainWr are a |«irof 
inlet and delivery air-valves, so that there are two inlet-valves I) I) and two ilelivorv-valvia E E 
h* each compreNsing cylinder; these valves arc circular, and fit air-tight upon conical faces, as 
seen in Figs. 1 124. 1 1*2.>. The four inlet-valvea I> I) are each sus|>ciuh-«l fn>m a lever F. and in 
the original construction there was simply a weight on the outer end of the lever to cause the 
valve to shut wlicu the piston B hatl drawn in suflicient air to fill the rlminlter C; it was fmiml, 
however, that the valves did not work vcr>* steadily with the levers and weights, and they also shut 
U'fore the piston reached the end of the stroke, so that )>art of the strf»ke was wasbsl in uselessly 
expanding the air in the chamlKT C. A cam (J, Fig. 11*2.’». worke<l frmn the crank-shaft II, was 
theref<»re aiblul to each of the valve-levers F ; and the cam oisms the inlet-valvo at the cnmmetioc- 
meiit of eacli forwanl or suction strt»k<> of the piston, and ki'cps it o|wn till the comuienn>ment of 
the return or comprcvwing stn*ke. when the valve is shut suddenly by the weight : and thia 
arrangement has praveil q^uite sati'*facp)ry. The delivery-valves E E are shut by the back-pressure, 
as s(sm as the compresM'd air is al! forced out of the chambers C: they ileliver the air into the 
air-vessels J. which are for the niir|KHH* of e<}UHltzing the pn^ssure of the air under the varying 
pressure of the stroke. A piiie K from each of the two air-vessels conveys the coinpresacd air to a 
large wrought-iron receiver, trom which it is suppliiHl for working the Imriiig machine. 

Tlu' two nir-c«>mnressing cylinders A A, Figs, 11*22, 1124, are each 14 in. diameter with Ift in. 
length of stroke, ana are plaecnl nt each end of a cast-iron btnl-plate ; the fusions arc workwi by 
eonnccting-riMls fn»m the double cranks H nt right angles Pi each other, which receive motion 
from the countershaft I< driven by the .sti'nm-engine. By empb»ying two cylinders of half area 
each for compressing the air, workisl by cranks nt right angles each otb<‘r, insUvnl of a single 
larger cylinder, an advantage is gainiNl in delivering the cotnpress<'d air P> the receiver more 
uniformly, and also the strain on tlie working fmrts is more evenly divitlcd. The cylinders are 
fillrtl with water, which rises at each stn*ke P> the P*p of the u[>right chambers CC\ and the 
eur|)Ius wnP-r is forced thrr>ugh the delivery-valves E, the ohjtx't lM>ing to fill up every s|mu*c with 
water nt the end of the stroke, ami »i» ensure every |mriiclo of air being forriHl through the 
delivery-valves. To allow for lf*akiigo and waste of wnpT, a supply is kept constantly fiowing 
into the inlet-valves D from the small pipe M. regulated 1^' a tap ; and the water forced through 
the delivery-vnlvi»a at each stroke ko«‘fia the air-vessels .1 J miistnntly filleil with water up to the 
mouth of the pir>e K. so that the oomprasM'd air is kept quite cool. The snrnlus water pnaing 
into the pipe k slowly accumulates in the largo air-rcccivcr, out of whicli it U discharged 
ucca.ilonaliy. 
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The ennk-fibaft H i» driven at 22 revnlntionM a minute, and at each stroke the piston draws 
in the air through the inlet-valve at one end of the cylinder, and oompresses the air to six atmo- 
spheres, or 90 lbs. tlic t»q. tm. at the other eml of the cylinder, discharging^ the compressed air 
through the delivery-valve to the receiver. The minimum pressure maintained in the air-receiver 
is 75 lbs. the sq. in., and the maximum 125 lbs., the average being about 85 lbs. the sq. in. 
From the receiver the compressed air is convoyed, by cast-iron pipes with india-rubber joints, up to 
within 50 ft. of the boring machine. It is then conveyed to the machine through an india-rubber 
pipe made with six-ply canvas, and about 100 ft. long, which allows the boring machine to be 
auvanevd or drawn Imck without undoing a single joint. 

This boring machine, of which a longitudinal and transverse soction are shown in Figs. U20. 
1121, was employed in the constmetion of the Koundwood Tunnel for the Dublin Corporation 
Water-works, where it bc>red the holes for blasting at one of the working faces. The tunnel 
is rectangular, 5 ft. wide and 6 ft. high, and is carried through Cambrian rock of a remarkably 
hard and difficult character, interspersed with quartz veins. 8ix shot holes of 20 in. depth were 
usually fired at each blast, and these six holes of If in. diameter were all bored by the machine 
in about 3^ hours : two chisels were used for each bole, which required fresh grinding before being 
again used. With hand-work, however, <?ach of the aame holes takes 2f to 3 hours for drilling, 
and requires usually about fifteen fresh tools before it can be completed. The practical value of 
this remarkable saving of time that is cflfccted by the use of the machine is specially experienced 
in such work as tunnelling or other rock-blasting, where saving of time is of such great import- 
ance both in expetliting and economizing the work. The average rate at which the very iiard 
rock was U)red uy the machine at the Koundwood Tunnel was about 1 in. a minute; and it haa 
been found as the result of cx{>erience with the machine that it bores quicker and keeps the 
edge on the tool better by striking with Ices force of blow but with greater rapidity. The 
number of blows has l>eeQ increas^ from 250 to 500 or 600 blows a minute, and the result ia 
that one hole is now liored with two tools without re-ahar|iening, instead of using five or six tools, 
as formerly ; and with one tool a hole of 2G in. depth was bored in the Dalkey granite without 
ro-sharpenlng. 

The following arc the results of working in the Dalkey granite : — 


1st bole, 24f inches deep. In 11 
2n<l „ 19f „ „ H 

3rd „ 9 „ „ 5 

4th „ 4J „ 2 

5th „ 9 „ „ 7 

tith „ 9 „ „ 5 


minutes 10 seconds. 

” 55 ” 

« 10 „ 

n 

„ 25 „ 


The following are the results of working in the remarkably hard rock of the tunnel at Round- 
wood, W icklow : — 

! 8J inches depth, in 3J minutes. ' f 10 inches depth, in C minutes. 

0 M « 8 „ I " \ 9 „ „ 3 „ 


Total 
2nd hole | 


23f , 


Total .. 21 
6 
9 


3rd hole .. | 
Total . 


15 




12 


15 


Total . 
5th bole .. I 


lOi 

8 


Total .. 18J, 

Gth hole .. 14 


4 

4i 


10 „ 


The average at which the macliiiic continue<l to bore was, for the first portion of the hole, 10 
and 11 in. depth in 4^ to 8 minutes ; and for the second portion, 9 and 9| in. depth in 3 to 3| 
minutes. 

The following special points of advantage have been experienced in this baring machine; and 
these may be considered as essential conditions to be fulfilled in a good machine for the pur|>o«e 
of boring iu hard descriptions of rock, and for standing satisfactorily the special wear and tear to 
which such machines are nocewsarily subjected. 

The Ijoring part of the mnehine with the tool is made very short, so as to allow it to work in 
any direction and position in the tunnel, in order that the blast of the hole bond may displace 
the largest amount of rock. The enrriage-rramc carrying the working cylinder U also very 
cf>m)iaet, occupying little space, and allowing the cylinder to be quickly adjusted into any desired 
{awition. 

The reciprocating parts are very few in number, and are in the direct line of the blow ; these 
are only the piston and rod in one piece of steel, and the tool secured in the piston-rod so as to 
allow no play. Moreover, in order to prevent crystallization of the |>arts exposed to the direct 
concussion, a cushion of air is ]>rovidcxl at the \mck of the w<^king cylinder, which also ndieves 
the carriage-frame from the shocks of the blows. Also, the tool being made to reciprocate with the 
piston, the hole is more easily kept free from the d^fbria than when the tool is st4itionary and 
receives blows from a detaclu-d piston, as in other descriptions of boring machines ; and the strong 
water-jet playing into the hole is found to keep it quite clear during tlie process of boring. 

The aavance of the tool is rndf-acting, and exactly at the same rate that the tool is cutting, 
however variable may be the nature rA the rock ; and wlicther the hsd is cutting at the rate of 
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3 in. A Diinuto In one port of the hole, or only 1 in. a mlnnte in Another pArt, the Adranoe given to 
the tool is exActly at the same rate tbAt the boring progresses in cAcb case; so that there is no 
risk of the piston at any time working beyond its pro|>er range of stroke, and striking the 
cylinder-cover. The Mlvanco motion for the tool is obtained from the pressure that drivee the 
piston, without the use of propelling gear, the abeenco of which greatly increases the durability 
of the machine. The turning motion for the tool also, being connected to the stationary outer 
cylinder, is free<l from the source of derangement that would arise from the rapidity of the 
blows of the tool if the turning motion were connected to the reciprocating part. The motion 
for working the valve is grmlt^ and easy in its action, so that a very rapid action is obtained 
without an^ destructive shocks. The outer end of the tool is guided in a bearing, to prevent it 
from working to one side, and getting jammed when meeting with an oblique vein of harder 
material. 

The machine is arranged so that it can be brought to work again immediately after a set of 
holee have been blasted and before the d/frn's Is removed, which can be done whilst the machine ia 
at work, tlio material being carried or thrown through the clear space left by the carriage-frame ; 
and A jot of air being left open near the face at the time of explosion soon dilutes and clears off the 
gases resulting from the explosion of the powder. This saves much of the loss of time which occurs 
with other machines in removing the d^bn't before the machine can be set to work again. The 
compressed air, on being discharged from the boring cylinder, also servos cffectivvly to ventilate 
the workings, and supplies fresh air to the miners. 

Berg$inrm'a Jforimf AfocA/ns.— This boring machine, Figs. 1127 to 1132, which is now being 
used at the Perseberg mines, near the town of Philipstad, in Sweden, is a modification of that 
ooDstmeted by Schumann, of Freiberg. 

The machine consists of a cast-iron ^Undcr A, Fig. 1127, 4} in. in diameter, in which the 

( ustnn B, and at the same time the borer fixed in the so»et C, is moved by compressed air. The 
engtb of the stroke is 7 in. The compreiwed air entern bv a pipe at D, and then passes through 
one of the ports E into the c^'linder, and moves the piston rackwards and forwards. F and F are 
two singie-acting cyltmlcni, m which tlie pistons O L, and their common piston-rod, are moved bv 
air. K is the slid^ valve, which is poshed backwards and forwards by tosscs on the piston-rod, 
in order to make the air act sometimes on one side of the piston and aometimes on the other. By 
mcaus of the nuts at !.<, the |x>sition of the elide-valve on the valve-faoe is detemuned, and oon- 
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Hoqucntlr at tho sama time the entry of the air. M in a ^ide for the elide-ralvc. On Uie 
valve>rod the crotw-hciui N ie keyed, mhich, by meana of two connecting-rods o, sets in xnotinn 
the fly-wheel P, its axle, and tho wonii Q, which has been foninid on it. Tho screw takes into 
the vronn-whiH'l R, which thus causes the spindle S to rotate. The spindle 8 has on each 
side a groove, in which feathers, dovetailed into tho hollow piston-rod C, can rcaiiily move, and 
thus when tho spindle turns it causes tho rt»tatum of the piston and oonsoquently also of the 
borer. 

Tho machine luuigs from, or may bo supporb'd by, a bar T having a thread cut on it In 
order to prevent the machine fmm tumiug on the bar T, tho titnad is cut away, as shown on 
tlio oroas-section and plan. By means of ilie Hcnms U and the md is firmly forced against 
tho rock. Tho advance of tho machine is ofleoted by hand, by w'orking a winch-bandle X, which 
actuates a mitre-wheel Y, which gears into another mitre-wheel on the nut W. This nut W is 
held between two lugs cast on tlie cylinder, nmi tbcn'n>ro as the nut is caused to rotate the 
machine mlvaiicea or ndtrco. The machine gives 200 to 300 and even 350 blows a minute, and 
the borer makes one entire turn for 22 blows. 

Strut . — In order to furnish n point of support for the screws U, a wcioilen strut. Fig. 1130, pro- 
vided with an iron at its upper cud, and at its lower with an adjustable screw aud trip^ is 
firmly fixed across the level. 


IIM. 



It will now bo remlily undcretootl that the machine can l>o filed in any position, and con- 
se<)uentlv holes can be l>ored in all directions. It takes two men to put up the machine, and one 
to attend to it. Tho other man ran be boring by hand in the meantime. 

di>-c«f?i;*nr**or. — At tlic Per»clM»rg minc« the machine is worked by compreased air. The alr- 
wmprcMaor, Figs. 1131, 1132, was d(^signe<l by Pr»)fet«or Angsiriiin. It consists of two vertical 
iron liarrcls, 15J in. in diameUir and about H ft. high, couunumcatiug with one another at tho 
lM)ttom hy a cliaml>er. 

Tlje upper end of (^ch Ijorrel is provided with a i*alve-lK>x having two valve*, one opening 
inwards, for the admission of air. and the other outwanls into the delivery-box, for the c<liictioii of 
air. In one l)orrtd a piston is made to work up and down, and in order to deliver every |«rticle 
of air at cacli stroke, ami to ke^*n the l>amds cool, a quantity 4>f water is placc<l inside the pump, 
which at each stroke entirely fills up the vaivtsbox, and thus expels tho whole of the air from tho 
pump. The other l«rr«d has no piston working in it, bnt is also fillwl with water, which is caused 
to rise and fall as the ptsbm goes down and up. Tliis water also forces out all the air frt>m tho 
liarnd and valve-lmi at each strr»ko. The piston-md is connecter! to the main nxi of the puniptug 
engine, and is provided with a eross-head, from which a weight is susiiended hy rods. The stroke 
is 7 ft. l*<iur i^okes a minute fumitdi enough air for one boring rnacnine. Tl»e air must Ijc com- 
nresoed to 15 ll«i. or 20 lbs. a »j. iu., which cfuresponds U» an excess pressure of 1 or 1| atmosphere. 
If such a pressure cannot l>e had, no good results arc obtained. 

This air-comprcs8or is sixvially constructed for places where tho power is derived fmm the 
main nd of the pum^ts. It is cocsidere<l that 5 or C hortH^IM>wer would be reejuired to drive an 
air-CDmjm-asor. In the Perw?lK*rg adit the aii--Com]>rcssor is from 00 to 70 fathoms from the end ; 
there is ot> regulator. 

Pipes. — The air U oondur^ from the rompresaor along the level by cast-iron flange-pijvea, 4 in. 
in cliamcter ami 9 ft. long, with a situtll spigot and socket, the joints lieing made with tar, mixed 
with ttnely-|iowdered brick ami lime. 

Th«-*c pipes conduct the air very m-arly to the end, and the air is finally brought into the 
machine by some .30 ft. of india-rubber pine, 3 in. in diameter and in. thick. 

F. B. Doering’s rock-boring mocbinc, Figs. 1133 to 1138, has an effective means of regulating 
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the forwaiJ moTonient of tho main cylimlor in which Iho piston camrinR tho tool worku rut the 
work progrcaaM. A pUton-valve a n-frulalcs tin* dupnly of water or other tluid to ami ita outlet 
from a pair of eylimlera 4 4. nltnche.1 to the main eyiimler e, the valvo a lwin(? worke<l by a piaton 
in a rylinder by motive fluid distributee] from the main evlinder to the small evlimlcr <f, the pishai 
of which u eounected to tho yalro. Instead of attaching tho adjacent cylindere to the boring 

1131 . 1131 



cylinder, the pistona of thoao cylinders mnv 1)0 nltoehcd to tho working; or boring oylindor, the 
adjacent cyliuder in this case being tixed. 'I'he adjacent cylinder bh have each a fixed pinton c, 
aimI a atipply of conipreaHod air may be maintained at the fnml. So iftucb of each of the cylinders 
as U behind the pistoa or pistons is filled with water A tube connectod at / Iea<is from tho 
pistou-valvo a to a niservoir containing this water or fluid. 

Tho action criT the engine is as follows;— Supposing the main cylinder c and adjacent cylin* 
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den 6 6 are at the back end of their travel ; whenever the tool, as it continues to work, has cut to a 
sufficient depth to allow the main pUton to uncover a port in the main cylinder oommunicatin;? 
with the cvlmder of the piston-valve a, this valve moves and allows {wrt of the water in the adja- 
cent cylin^n 66 to escape under the pressure of the compressed air on the other side of the tilt'd 
pistons f f, or under the pressure due to the wcip;ht of the machine if the same is working down- 
wards. The adjacent cvlinders and main cylinders are thus causetl to advance, and this advance 
takes place intermittently, according to the quantity of water which escapes from the valve, until 
they reach the forward end of their travcL A cock at the front {MJt of the adjacent cylinders is 
then opened to let out the eompressetl air, and pressure is exerted on the water in the reservoir to 
force tne water through the valve into the adjacent cylinders, the small cylinder d exhausting into 
the main cylinder to allow the valve <i to be moved by the pressure of the water, the piston of the 
main cylinder being put into the required position. The pressure of the water in the adjacent 
cvlinders causes them and the main cylinder c to run back on their supporting-bars to rccommcoco 
their forward travel ; the valve a is then closed, the cock at tho front end of the adjacent cylinders 
reversed, and tho pressure in the water reservoir removed. 

When tho en^e is working vertically or nearly so, the employment of compressed air in the 
adjacent cylinders may be dispensed with, as the weight of the engine will be sufficient to eflert 
tho feed as the tool cuts. Again, instead of compreWd air in the adjacent cylinders, a vacuum 
may be created in the water reservoir onnnected with the valve. This application of watcT to 
regulate Uio advance of a boring engine may be applied directly to the advance of the lx>ring-tool. 
as shown in Fig. 11S7. the cylinder a being stationarv, and the piston-rod 6 forming a cylinder in 
which a piston c attached to the boring-tool moves. Water is idaced in the front portion of tho 
piston-rod at and a pressure of the motive fluid acting on toe back of the piston being con- 
stantly rappli^ through h to keep it pressed against the water so as to advance when the water 
or a portion of it is discharged through A. In ibis case, the valve for the discharge is formed by 
the piston. This discharge can only take place when tho tool has i^nctratcd to such a depth as 
to allow the port A to oommunicato with m. A circular groove is cut in the piston at A to regulate 
or ^ust the engine for working in materials of dificrent hardness nr softness. 

Tne ports ggg. Fig. 1 133, in the main cylinder are formed at various distances from the cylinder 
end, and cornmnnicato with the passage leading to the advance cylinder d througli a cook common 
to all these ports. According to whether the material operaUsl ujioti iii'cesHitAtes a short or loug 
stroke, tho cock is turned to open the way between the ad\'ance cylinder and one or other of tho 
ports, to produce the advance of the engine when tho main piston has passed this port in its stroke. 
Instep of emplo)ing a cock common to all these imrts, the inventor 1ms provided plugs by which 
ho can close all the ports except the one rec|iiired lor work. It is also sometimes desirable to alter 
the position of the ports in the main cylinder for working the valve: this may be cfli'ctcd by a 
cock A arranged similarly to that before deacribed, or tho communication between the cylinder and 
its valve-piston may be throttlcil or vtn-dratrn. 

For the purpose of securing the tool in the end of the piston-rod, Doering threads the end of 
tho pistoD-itM to receive a nnt n, Fig. 1 135. and makes the position of the ordinary key 6 adjnstahle. 
The nut a is screwod up and tho key driven in. thus enabling him to dispense with the washers 
usually employed. In some cases grooves c, Fig. 113d, arc formed in tho nut to keep it from 
turning. A nut is also employed on the inner end of tho tool-head. Fig. 1188, and the main 
piston-rod formed hollow so as to pass the tool down it and secure it by a nut and key, as in 
Fig. 1135. 

Mathfr and PhtV$ Boring J/iieAmi».— The constmetinn of the boring-head and shell-pump, and 
the mode of acquiring the percussivo motion, constitute the chief novelties of the system and 
machine, shown in Figs. 1139 to 1142. The couple-cylinder engine, with the reversing or link 
motion, is used for winding and lowering the apparat^: but an ordinary winding engine, similar 
to those used in collierica, may be applied. 

The boring-head consists of a wrought-iron bar, about 8 ft. long, on the lower part of which is 
fitted a block of cast iron, in which the chisels or cutters are firmly secured. Above the chisels an 
iron casting is fixed to tho bar, by which the boring-bead is kept steady and per]>cndicular in the 
bole. A mechanical arrangement is provided, by which the boring-bead is compelled to move 
round a part of a revolution at each stroke. The loop or link by which the boring appmtus is 
attached to tho flat wire rope is secured to a loose casting on the wTought-iron bar, with liberty to 
move up and down about 6 In. A part of this casting is of square section, but twisted about one- 
fourth of the circumference. This twisted part moves through a socket of corresponding form on 
the upper part of a box, in which is placed a series of ratchets and catches, by which the rotary 
motion is produced. TVo objects are here accomplished— one the rotarv motion given to the 
boring-bead, tlie other a facility for the rope to descend after the boring-liead has struck, and so 
prevent any slack taking place, which woula cause tho rope to dangle against tho side of the hole, 
and become seriously injured by cbaflng. 

The shell-pump, Fig. 1141, is a eylinder of east iron, to the top of which is attached a wrought- 
iron guide. The cylinder is fitted with a bucket similar to that of a common lifting pump, with 
an india-rubber valve. At the bottom of the cylinder is a clack, which also acts on the same 
principle as that in a common lifting pump, but it is slightly modifiid to suit the particular 
purpose to which it is here applietl. The bottom clock is not fastened to the cylinder, but 
worxs in a frame attached to a rod which passes through the bucket, and through' a wrought- 
iron guide at the top of the cylinder, and U kept in its place by a cotter, which passes through 
a proper slot at the top of the rod. The pnmp-rod, or that by which the bucKet is work^, 
is made of a forked form, for the twofold purpose of allowing tlio rod to which the bottom clack 
is attached to pass through the bucket, ana also to s<>rve as the link or loop by which the whole is 
snspraded. 

wrought-iron guide is secured to the top of the cylinder, and prevents the bucket from 
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being drawn nnt when the whole ia 
80 miMpeiKUHl. The btdinm cinck 
nlao ia oo arranged that it ia flt 
liberty to rUc about G in. from ita 
aeAting, eo na to allow lai^c frag* 
ments of rock, or other material, to 
liavo free aoeeaa to the interior of 
the cylinder when a iiortiol vacuum 
ia forme<i there by ilio up-atroke of 
the pump. 

The itercuaaiTo motion ia pn>> 
dared by meatui of a Bteam-oylinder. 
which ia fitted with a piaton of 15 in. 
diameter, having a itm of coat iron 
7 in. tujuare, hratichlng off to a fork, 
in which ia a pulley of about 3 ft. 
in diameter, of aufficient breadth for 
the rope to paaa over, and with 
flangea to keep it in its place. Ah 
the boring -bead and piaton will 
both fall by their own weight when 
the steam ia abut off and the ex* 
haaat*valvc opened, tbo atoam ia 
admitted only at tlio bottom of the 
cylinder; the exhaust-port ia a few 
inebea higher than the atenm-port, 
80 that there ia alwaya an elastic 
cnahion of Ntcam of that thickneaa 
for the piaton to fall upon. 

The valvoa are opened and shut 
by a aelf-acting motion derived fivnn 
the action of the piston itaelf; and 
aa it ia of course necoHaary that 
motion Khould be given to it iKforo 
mch a result can eimue, a aiuall jet 
of steam ia allowed to he con- 
stantly blowing into the bottom of 
the cylinder; thiM causes the pUton 
to move slowly at first, so aa to take 
up the rope, and allow it to receive 
the weignt of the boring-rud by 
dogrccH, and without a jerk. An 
ann which is attached to the piston- 
rod then comes in contact with a 
clam, which o{»cna the ah'am-valve, 
and (he pist^ moves quickly to 
the top of the stroke. Another 
clam, workcil by the same arm, then 
shuts off the steam, and the ex- 
haust-valve is opened by a corre- 
sponding arrangement on the other 
Bide of the piston-rod. By moving 
the clams, the length of tiio stroke 
can be varied at the will of the 
operator, according to the material 
to be bored through. The fall of 
the boring-head and piston can also 
be regulateil by a weighted valve on 
tlie exhaust-pine, so as to descend 
slowly or quickly, as may bo re- 
quired. 

The general arrangement of the 
new machine may bo dcscrilxd 
as follows: — The winding-drum is 
10 ft. in diameter, and is cafioble 
of holding 3000 ft. of flat wire rope, 
4| in. broad and ) in. thick; from 
the drum the rope passes under a 
guide-pulley, through a cMm, and 
over the pulley which is supported 
on the fork end of the piston-rod, 
and so to the end which n'ceives the 
buring'bcad, which being honked 
on and lowered to the bottom, the 
rope is gripped by the clam. A 
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umall rtf ittPAm i«i then tnmoj on. causing U»p pinton to ri hlowly until tho arm moves the elam. 

and ^:ivc8 the full charp* of sU'nm : an motion is th»*n jriven to the piston, misin^ tho 

brtrinir-hoHtl the rfs^ijir»><l height, when the wtcum is shut off. and the »■xhftUi»t-Vft!ve o^komHl in the 
way dt?nrrib«l. thus effpctiiiK one stroke of the Ijorins-lnwd as rt'Kulatwt hy a iNirk-pres^nre valve 
in the exhaant-pipe. The ex!must-|inrt is li in. from the Isittoni of the cylinder : when the piston 
deseends to this fi^iint U rests on a cushion of steam, which prevents any coneutwion. To increaso 
the lift of the ls>rinjr-head. or eomiienHAte for tlie elasticity of the n>p*% w!»ieh is found to Im» 1 in. 
in 100 ft., it is simidy not^ssary U» mine the clams on the clam-shaft whilst the |>cmishive nudion 
is in operation. The chm which Rripa the rope is fixwl to a slide and screw, by which means tho 
ir»po can Ik* pfiven out as required. When this operation is completed, and the stmtii cut up by a 
suecessinn of strokes thus eff*-eliH|, the sb’am is shut off fnuu the |>c*reu««ive cylinder, the rope 
miclnmped, the winding engine put in motion, and the boring-hend brought up and slung fn>m an 
overht^d suspension-ljar by a hrmk fittwl with a roller to traverse tho Isir. The shell-pump. 
Fig. 1 Ml, is then lowered, and the d^hri$ pum|K>d intr> it, by biweringnml mising the bucket altoiit 
thrive times, which the reversing motion of the winding engine niulily a^lmits of; it is then 
brought b> surface and empti«‘d hy the following verj* simple armngement. At a fH»int in lh« 
suspt'iiston-lHir a hook is fixed perpendicularly over a small table in the waste tank, which table 
ia rawd and lowered by a m'rew. The pump laiing «us|>eiidiHl from the lus»k hangs directly over 
the table, whieh is then miiMd by the screw till it receives tho weight of the pump. A cottar, 
which k<*eii*i the clwk in its place, is then knockc<l out, and the table screwe<l down. The l>ottnm 
ehu'k and the frame descending with it, the contents of the pump are wiishi^l out by the ru.«h of 
wabT contained in the p«raiM*ylinder. The table is again raistsi by the screw, and tho clack 
resiiinea its pn*js*r position : the tvffrr is then driven into the and the pump is again nady to 
bo l«*wered inp> the hole as lH‘h*re. It is generally iu*cc'!«ary for the pump to desecud thr»?c times, 
in onler to remove all the tlehn's broken up by the boring-heail at one o|a>mti<»n. 

The following facts ohtainc«l fmm tho use of the machine in Imring in the new red sandstone at 
MnnohesU'r, will show its actual i>t*rformance, aud enable us to cninjiare it with the other sj'dems. 
Tlift Ismng-hewl is lowewnl at the rale of 500 ft. a minute : the {MTCUssive motion is pt?rfonne<l at 
the rate of 24 blows a minute, and being continue*! f«ir ten minutes, the cutters in that time 
penetrate fmm 5 to H in.: it is tlien wound uj» at 300 ft. a minute. The shi-U-pump is then 
lowensl at the rate of 500 ft. a minute, the pumping c<uiti«md f<»r one minute an»l a half, and 
Udng ehargetl, the pump is wound up at ItOO ft. a minute. It U then emptied and the operation 
refieatid, which can be acciunplishetl thre** times in ten minutes, at a depth of 200 ft. The whole 
of *)Tif; o|icratinn. resulting in the deepening of the hole 5 to 0 in., ami cieausing it of ready 

for tho cutters or boring-hwul being again iutrr>duced, is seen to occupy an interval of 20 minutes 
only. 

Mtsittuj . — (funpowder Is tho moat valuable agent for excavation: it ia, however, of more 
service in tho work of extraction than in that of preparation, lK*c«uae in removing tin* miuemls 
those regular forms of the walls arc not r»sjuire<i whieh distinguish the shaft an«l tho drift from 
the gallery. Illnsting-is^wiler is eraployeil in diiTen>ut quantities and in various fonus, according 
to circumstances. In slaty open rock, in rotten brittle sliale, and in loose gmvid, it is of ii« use; 
but in Imnl nick, in .sandstone, limestone. an<l similar substances, blasting isextreinclvscrvic(‘ablc, 
aud often reiluees the pricf»a of working hanl rock to that of soft material. fJuniK^wder is of moat 
service wber«> the vein has a seam of snft mineral, or a guec«wi*»n of. cavities on one side, so that 
a blast npplieii at the opposit** termination of the v**in mav remove the whole thickness of it. If 
the soft matter or the cavities are In the middle of the vein, it r*!«piires always tw<» blasts, anti of 
course the drilling of two ludcs. ns well as two charges of guni»owder, In remove the vein. The 
amoiiTit of gunjiowder usctl is ofbm calculated to l)C j>roportionatc to the amount r«vk renwiveii, 
hut this is not so in practice; whem the auiomit of matter removotl is limited, Ihrr consumption of 
yv)wdor increases m<»rt* rayiidly than the quantity of rrx'k rcmovinl. In mines which have a large 
quantity of shiitU’ird rocks, the applu'athm of powder is Htiiitid by the consideration that injury 
may U* caused to other parts of the mine. The removal of thick veins, or masses, of heavy rock, 
oIbo veins of pyrit*?a, is <*flen condiieUd with considerable difllculty, lieenuse bmvy blasts itimird 
conveniently Ui applied. In all such cases it is. however, the cht’*nis‘st way of working masses; 
an<l if hfdes ffir blasting cannot well bo drilhd, they can be foniie«l by acids. Pyrites miy l )0 
itenetmltsl by nitric or muriatic acid ; also native metals, such as cnpijcr. limestone, and limnetic 
iron ore, may Ik* <lissolve<l by any acid — the muriatic is, however, the most generally use«l. In 
this eas«4 we eaimot sink any nth*’r form of hole than a vertical one. The manipulation is easily 
I>erforme«l hy setting a glass tube vertically uiK»n the nick, and providing its lop with a funnel 
and nppomtus, so as to let in the acid drop by drop. If the pijK* is close fitting U) tlie mck. and 
the aci«l {KUired in v**ry slowly, the hole will not be much larger than the glass-pipe. Tho tul»e 
must *lesrend with the bottom of the hole, anrl Iw always close to it. This o|K’mtion works very 
slowly: hut in pyrib*s. nr eomiKict magnetic iron ore which cannot l»e penetrated by steel tools, it 
is a usc-ful methotl of pre|nring a hole for blasting. When heavy masses arc to be detached by 
one charge, the hole may lie mwle wider in the liottom by letting down tlie arid more Mpidly, 
which will spread over a Urger siirfuee end dissolve a greater width. See Gi si'OWPek. 

We will now give one example of firing charges of gunpowder by means of a fuze, and another 
by a voltaic battery. 

/Vnv»/i/«o« of <1 fort at in Jitnwir^, 1 85?? : % P. //. Scrat^’Mfy, ft. P.— -The fort oolem! 

to be destroyed was a front built of good sound brick mnsnnrv. consisting of two solid towers, the 
left one lK*ing 54 ft. in height and the other 30 ft. high, anJ btdh being 51 ft. In diameter, con- 
nect«l by a revettc*! curtain 130 ft, long and 34 ft. in height : two pr»rtiona of revetment. 30 ft. in 
length, rnnning at right angles to the curtain, from the towers on each side, and of nearly tho 
same height as the curtain ; and also a wall MMI ft. long, 11 ft. high, and 2 ft. thick, forming jiart 
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The project for the demolition of the front wm ns follows: — Two charKcs, with lines of least 
resUtnneo 18 ft. lontr. to be placed in each of the towers, 3 ft. in advance (k* their centres, and at 
ooo-lined interrals, Pigs. 1143 to 1148. Two cliargos, with L s 12 ft, to be placed in each tower 


in rear of the angles formal bv the tower and the rovetment. Tho remaining rortion of the con- 
necting-enriain to be dcatroyal by charges, with L s 10 ft., placed at 2|-liDed intervals, which 
required 0 more, as shown in Fig. 1 143. 

In the towers, galleries with returns were to be driven at nearly equal levels, which the 
nature of the ground favoured. The mines in the revetment were to be formed by sinking 5 shafts, 
each 15 ft. deep, with galleries running out right and left from them to the requisite distances. 

The cliargcs were calculated according to tho formula for strong masonry revetments without 
counterforts, placetl at two-lined intervnlH, or lA As native powder w*as to be used, there was 
allowed I of j*o 1.^, or 1.^ in addition to tho proper charges of English powder, making the 
formula L»+ L> = IA 

Scratchley was also directed to prepare the towers at the entrance gatewav for detnolition. and 
ho carried out tho following plan. These towers were 28 ft. in diameter, and from 22 ft. to 23 ft. 
high on the outside ; thev were built of softer masonry than tho others, and were solid only to a 
height of 15 ft. from the liottom. A sliaft was to be sunk in the centre of each tower, at tlie level 
of the ground inside (15 ft. from the bottom), 12 ft. deep; and small galleries were to be driven 
right and left. 5 ond (> ft. long respectively. The chants were calculated, as above, by the 
formula ^ L*, and were to be placed so that their lines of least resistance were respectively 8 and 
9 ft. long. 

The following journal gives the particulars of the work executed. 

A detail of omatrs and men of the Engineer Brigade left tho camp at Futtchgbnr at 3 r.M., 
5th January, 1858: — 


Corpa. 

OIBocrv 

NaUvp 

Oflkm. 

1 

S 

F 

'T 

1 

PrivslM. BugW. 

ToUL 

Rwnsrka. 

Royal Engineers 
Bengal Engineers 

Bengal Sapperal 
and Mincra 

3 

2 

2 

2 5 

4 

52 

33 

.. 

G3 

2 

39 

Lieut, f^cratohl^, R.K. 
„ Wynne, n.E. 

„ Keith, B.K 
„ l^ng, B.R. 

„ Forbea, B.E. 

ToUl .. .. 

0 

2 

6 5 

85 

1 

10. 



This detail was divided into 3 reliefs, namely 


1st relief — 20 rank and file, 
12 

2nd relief— 19 „ 

12 

3nl relief — IK „ 

•2 


European. 

Native. 

Kumpean. 

Native. 

Kum])can. 

Native. 
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The 1st relief commence*! work nt 8 p.m. on the oveninjf of January 5th. 

Jimmirv 5fAy 8 till 12 P.M.^ M'ynue. — 4 gallerteii, rnarkud B, 0, O, H, Fi^. 1143, were 

commence*! in the tow* ra, at the ie«|Mx^ire levels «>f 26 ft. 6 in., 27 ft. 6 in., 2i* ft. 6 in., and 
23 ft. 6 in., below the U*m*pleio of the fort, and driven towards the centre of each tower. 4 shafts, 
A, D, E, F, were also commenced at a distance of 10 ft. from the curtain wall. 

J,munry 6M, 2W Beliefs 12 til! 4 A.M., Keith. — Shafts A. D, E, F, were completed to the depth 
of 15 ft. each, and were rnwle 4 ft. hy 3 ft. fiallerie# running parallel to the wall were commenced 
right and left of each shaft. Boll very eosv. being made earth. Galleries U, O, Q, progrtrssed 
slowly through very tough pucka masonry. That at 11 was softer. 

3/»/ /WiV/, 4 till 8 A.M., lAng. — The 8 galleriet* of A, D, K, F, progressed rapidly through 
made earth. The galleries B, C, G, advanced through tough masonry, and II through arift 
maoi>Dry. The tools were in hod order and were not adapted to mining. 

Ill Belief, 8 till 12 A.M., Forbes. — The 8 gaIlori*'s piv)gretfse*l rapidly. The gallery II was cut 
through pucka masonry, 7 ft., and reached rubble. The progress at B, C. O, was slower. 

2;W BBie/f 12 till 4 P.M., Wynne. — The 8 galleries were nearly finisbe*! : — 


S«f Belitf, 
lengths:— 


f\ In. 

That at B had advance*! 9 0 through pucka moivinry. 
„ 0 „ 8 6 „ 

„ O „ 3 0 

„ H „ 12 0 through made earth. 


[ to 8 P.X., Keitb.- 

—The galleries of 

A, D, E, F, wero 

hnishfvl 

to 


In. ; 


Ft 

la 

Ac (Pig. 1143) . 

. 12 0 

E*r'(Fig. 1143) 

.. 12 

6 

A 5 „ 

. 13 6 i 

E c „ 

.. 12 

6 

1> 

. 14 0 1 

F c „ 

.. 12 

6 

Dc „ 

. 12 « ! 

FA' 

.. 20 

0 


the following 


Hardly any progress was mode at G. 

Id lieltef, 8 till 12 P.V., Isuig. — Another shaft I, Fig. 1143, was commenced at a distance of 
10 ft. from the wall. A party was also employed in lodging charges in the wall to be destroyed, 
described in accompanying memorandum. 

January 2nd Belie/f 12 PJf. till 4 A.M., Forbcs.— 


B gallery was 24 ft. long. 

C „ 24 „ 

H „ 17 ft. 10 in., and return commenced. 

Q bad not extended through pucka masonry. 


3rd i?WiV/, 4 till 8 A.M., Wynne. — Bhaft I was completed to a depth of 15 ft., and 2 gallcrios 
were commence*! from it, running right and left pamllol to the wall. 

1st Beliefs Keith. — The galleries of shaft 1 were completed to the required lengths, namely, 

14 ft., and c, 12 ft. Cliamlicn were forme*! in all tho shaft-galleries. 


B gallery was completed, with a return 5 ft. 8 in. long. 
C „ „ „ 7 ft. long. 

At G the work was continued by blasting. 

U gallery was completed, with a return 6 ft. long. 


2n<l Beliefs 12 till 4 P.M., Lang. — Tlio chambera in all the galleries except O were complete*!. 
G was 8 ft. h in. long, pucka masonr)* 7 ft. thick having been cut tlirough. More experiments 
wcr*« made on the wall of the court-yard. 

3rd Belie/^ 4 till 8 P.M., Forbes.-^Moro charges were tried on tho wrnll, and a party was em- 
ployed destroying it by hand. 

1*1 Relitf, 8 till 12 P.M., Wynne. — Bhafls A and B were sunk 12 ft. *lccp in the entrance towers. 

Jnnytary WA, 2nd Beliefs 12 till 4 A.M., Keith.— Galleries were driven from siiafts A and B, right 
and left, 7 ft. and 9 ft. long respectively. 

3rd Beliefy 4 till 8 A.M., I-ang. — A party of men was employed in dcmollshiog the wall. 
Cliauibcrs weri> prepared and bamboos laid (as m all tlie other mines) f*»r tho enlrauoe-tower 
mines. Tlie whole of the mines were now r*^y for loading, but the powder ha*l not yet arrived, 

9/A ./uB'Mn/. — At 3 P.M. this aftenjocm the party of Llngineers, after carefully cl*>«ing all tho 
openings of the shafts and galleries, was marched liack to Futtehghiir camp. 

i?ctn*irA!i. — The whole of the work had thus been carried on without interruption, the soil being 
very easily wnrke*!, au*i being evidently all made earth. No sheeting had been require*!, ex- 
cepting in* the left gallery at the right entrance tower, where the earth fell in. The whole of the 
mines were rrady for cliarging in forty-^tjht hour*, with the exception of that in gallery G, where the 
pucka masonry ^ve great trouble. The dimensions of all the galleries were 3 ft. 6 in. by 2 ft. 6 in. 

13/A Janwir^.— A detail of the Engineer Brigade left camp at 5.30 a.m. to l<iad the mines at 
tho Fort, namely, 2 officers, 2 sergeant^ and 82 rank and hie ; and 1 officer, and 24 native sappers. 
12 of tho sappers were, however, afterwards writhdrawn to be employed elsewhere. 

The charges were placed as follows: — 

In B gallery at a’ .. .. 1050 lbs. of Native powder. 



/ 800 „ 

English „ 

t/ ,, a 

“ 1 « 

Native 

O „ *1 .. 

874 

English „ 

H „ n‘ 

.. 1050 „ 

Native „ 


2 M 2 


Digitized by Google 



532 


IJORING AND BLASTING. 


A flmfl at I 


I) 

K 

K 

I 


/M 

\ c 

Ic 

{y 

ir 


180 U»#. of Netivc powil<»r. 
310 „ „ « 

310 

180 „ 

180 

180 

180 „ 

258 „ English ^ 

258 „ 

180 „ Native „ 


ApproTtmntion. — For Knglihh powdnr and length of 16 ft. of least rosistanre, we have 16 enbed 
s 4006, and A uf 4006 = 611 lbs. of gunpowder, whioh may >x' put = 620, the half of which ia 
310 Iba. 

The charges were placed in boxes where practicable, the hoso was laid in bamliorxi, and the 
whole was cari'fully tainpe«l. 

The galleri«>H bK>k most time in Inmling and tamping, and were not rc^dy till 7 whilst 
the shafts were finished hy 4 r.M. 

The firing was put off till the next morning, when the hosea of alt the shafts were brought to 
one focus R. There wos one focus for each tower, the length of hose for each Ixnng 5 ft. loss tlian 
that for the upp«>r focus, to allow, if pc«sible. a fow seconds elapsing betwc»cn the two exploaifuis. 
The hose was Hghteil at the three foci at the same time, at the sound of the bugle, and the explo. 
sions were very nearly simultaneous, with the exception of that of one mine, niarkeil X, Fig. 1 143, 
which did not 'toko place till 30 secoTals after the others. 

The demolition was compleU', and the object desired was attained, which was to leave a pretty 
practicable mmp fnnn the outside into the inb'^rior. 

There is no doubt that if more time had been allowed, or more men had licen pmetimble, the 
demolition might have been eib'Cted by the expenditurti of one-half of the quantity or* |iowdcr 
used; but it must be l>omo in mind that Kcratchlcy’s instructions were b> have everything ready 
m fotiy-riff/tl fmurg, and native powder was to be hod in abnuilnnce. 

The mines at the entrance gateway were not loaded, but remained ready to be charged at snmo 
future time. 


Stntrment nf /Ac KxpftvUture of Povd^r^ //ov, dc. 


2 chorges of 1050 lbs. each, total 2100 lbs., Native {lowder. 
1 .. { } „ „ lfi7* llw., FjirIUU „ 

1 IKl lbs., Native 

6 „ 180 „ „ 1080 lbs., „ 

2 310 „ „ 620 llw., „ „ 

2 H 258 „ „ 516 lbs., English „ 

Total, 211K) Iba. of Kiiglish {fowder. 

„ 3899 lbs. of Native „ 


848 feet of |-inch hose. 
2 pnrt-flres. 


Taking the line of hmst resistance « 18 ft., then 18 cul>ed = 5832, and of 5832 = 1050 llw. 
of powder nearly. The other chargea were calculated in a similar manner. 

Jffefwgrandum. — PartUxt Ihgtrurtion of a Watl by mxnns nf SrrutU CAaryes.— This wall was 11 ft. 
high, 2 ft. thick, and about 160 ft. long. Tltere were two piers, 6 ft. square, one on each side of an 
entrance at the centre of tlie wail ; these were built much better than the remainder of the wall, 
which had Usm constructed with bricks and a little mud, mortar being found only in the foun- 
dation. 

Ten charges, of 5 lbs. each, were plawl along the wall, at intervals of 10 ft., and were Iodge<l 
as nearly as {lossible 2 ft. below the surface of tiio groun<l, and under the ermtre line of the wall. 
One charge of 10 Hw. was placed in each pier, 2 ft. 6 in. below the level of the ground, and under 
its centre. 


The piers were completely thrown down, without violence: all the other charges, with the 
exception of three, faih'd; some blowing out the tamping and making a wrimll breach in the wall, 
others throwing out the foumlation and earth on the other side, but failing to bring down the 
wall, or any imrt of it. Four more chorges. of 5 llw. each, were placed cs^uidistuut between the 
former, which completely destroyc<l the jjart whero they were lodged. 

The remainder of the wall wos ptcki'il and thrown down by about twelve men in a very short 
time, and other portions nf the walls amund were thrown down in the same manner. 

The |)owder umdo use of was native, and undoubtedly of inferior strength to that of Kuro]xvm 
manufacture. 

Blasting was not tried, as the nature of the wall did not admit of it. Had Scratefaley know*n 
that it was so very rotten, he would have had the whole of it pickiol down. — ‘ Papert of (hr Corps 
of Poyai l.'nyineert* vol. viii. 

Bickford’s fuze is genemlly eisploytd in biosting operation*. See Fize-makino Machine. 

ttith Ixtrye CKaryts of iiunyowUrat II<Ayhead, 1860: by Cot. J/ttmiltm, A.A'. — The auarrira, 
opencil and worked for the harl^ur-works, were situat^ on the declivity of the Ilolyluati Moun- 
tain, at about 1500 yds. distance from and in rear of the land end of the breakwater ; the portion 
thereof, 120 ft. by 40 ft., and 90 ft. in height, on this occasion o|iemted on, was fonuod of quartzoe<* 
schist, extremely hnni, aud weighing about 1| cwt. to tlie cubic font, stmtilletl in lines extending 
from N.K. to 8.W., a little overhanging to 8.K., but nearly vertical, with tiuineruus joinU in that 
and other directimis throughout the whole mnsa. 
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All entrance filler/, Pi|^. 1 149. 1150, 5 ft. B in. by S ft. 0 iu.. driven from the face of the 
rock, commeiicin}; nt a height of 12 ft. aliove its Imi«c. with a view to untn an efticient line of tamp- 
inK rcaistance. a fuvmirahle joint in the Hue of t<trata bavin;; btH-n taken advantage of to the extent 
of S4 ft., where a «haft. 3 ft. ti in. by 3 ft. in., waa aiink to the de|ith of 14 ft. d in. ; from thU, 
level gallerieo, .'i ft. G in. by 3 ft. d in., were driven right and left, the fonuer to the extent of 
49 ft. 9 in., and the Intti'r fid ft. <> in., with a length of 43 ft. G in. of h(*nding8 and chnin)>erH of 
aimilwr diiiienMiona.OM illuhtraUHl in the acconi|ianving plan and elevation. The gallerica, »hafU, and 
an on, were worked out by bloating, ni'cewitated liy the hunl nature of the rock ; and tlie iuereaaod 
aize given to theae coniiiiuuicationa uUive that gunenilly R4lopt4<d wiia with a view to enable tho 
minera to atrike witli more fri'iilom and otTect, the extra excavation Ining more than contpenaated 
by the facility of working. The chumhera were fomutl by slightly enlarging the abort return- 
htwliugis iiikI Were {daced from 2 to 3 ft. Ixdow tho level of the ground nr rail line in front of 
the r|uarrit‘.i. to eiiauit! the liottomH of tho fat'e acted uiKiti bidiig well lifted, aa wimt of attention 
to thia fiartioulnr l>efore a former cxploeiun led to conaiderable aubaequent labour in removing a 
portion of atone left atanding. 


1U9. 


n.v». 




Tho gunpowder uood waa aimilar to tlio flno grain Government i>owiler, ita alrength having 
been previoualy tested by projecting with a 1 J-oz. charge a 68-lb. shot, from a mortar at an angle 
of 45^ to the distance of 480 ft, ; tho charges were placitl in canvas bags well coated with tar, 
2000 or 3000 lbs. in one bag, and the remainder iu smaller bags, and so rospectively lotlgcd in 
each chamlicr. , . , ... 

The tamping waa executol thmiighonl with a aort of stiff red clay obUimHt in the vicinity, 
used in a alighlly moist state, well rammed up to the entrances of the chombera, and close to 
tha bega of gunpowder, merely leaving a small air space round the latter, and waa coulinued 
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t» the mouth of tbo gallery in the face of the rock : it apparently answered its intended purpose 
admirably. 

The battery employed to flro the charges was that known ns GroTc’s, It bad 32 celLi, and 
platinum pLaU«, 8 in. by 6 in., in nitric acid, in porous cells surrounded by dilntid (0 to 1) sul- 
phuric acid ; it was pltu^ on the top of the cliff, and directly in rear of the line of chamhers, 
300 ft. distant from the upper edpo of the former; two copjxT wires wmnecUtl the Itottery with 
each charge, extending from the latter through the galleries dircxrtly up the face of tlio eliflf and 
on to the cells, wh(>re the four |ioHitivo were united, as well os the four negatiTe. To tltc extremU 
ties of the mpner wires at the charges were attached platinum wirt> about ^ in. in length, protirb'd 
by a wooden Mock, round which block a small bag of fine or sporting powder was tied and intro- 
ducul into the large bags of |»nwder Wforo mentioned. 

The t(»tal quantity of powder nsed in the explosion was 12,00011x1., placed in fonr charges, 
amounting respectively to 4000, 3000, 2300, and 2700 lbs., with lines of least resistance 29 ft., 
32 ft., 22 ft., and 24 ft. G in., ns almwn in Figs. 1149, 1150 ; these respective charges wore not col- 
culnh'd by any specific formula founded on the lengths of the Hues of least resistance, but a 
certain numln^r of pounds of gunpowder a ton of mck to l>e removal was alb»wixl, according ,to 
the particular features and tenacity of the portion to bo acted on (in the present instance I Ib. of 
gun|Miwdfr to 3 hms of rock); this calculation was Isiwd u|xm the exijerieuco gained from 
numerous previous explosions of a similar diameter carried out nt different |taris of the quarries. 
In some cases, 1 lb. of gunjiow'dcr was found sufficient to remove only 2 tons, in other cases it 
has prr>ved a<l«t|UAte to displace 4 tons of stone. 

Shortly after the hour appointed (twelve oVhtck), the mines were fired on a signal witli mc«l 
suroeiwrul results ; the rock a little above its base was seen to bulge slightly outwards, and then 
tumble to pieces, emitting much smoke, and the suj>irrincumbent mass gently sliding down, 
M'lMimtiH] into various sized blocks ; a {icrfe'ct volley of small stuff, mostly tlin tamping, ii1k) 1 
boriznntally along, close to the ground, directly in front of the face of rock, to a distance of 
almut 250 ft., <yjvering the surface with a coating of fine damp clay, sepomted into small iiarticlos 
like sand ; no stom^ of any magnituile wen' thrown out beynud the general which was cun- 

finetl to a width of 125 ft. from the original face of the quarry. 

The total quantity of rock removed was about 40,000 tons, which gives 3) tons to tlio pound of 
gunpowder used. The re|*ort on the effect of a similar (‘X|dnsi<m in Jamiaiy, 1857, shows that 7J 
tons the |xmnd of gurqx^wder were then brought down, or nearly double the quantity removed by 
eoeh ]K)un<l on this occasion ; and on reference to the acoomjnnying plan it will bo observed tliat 
if. instead of the charge of 4000 lbs., a smaller one luul Ix^eii employtxl, the effect would prolmbiy 
still have extended os far os the joint at that end. and also that a slight additinii to the chargr; of 
2700 lbs. at the other end would have causfxl the fall of all the )K)rtinn os far as the recess, which 
is describcil as much shaken. It may also be remorkixl that the cliff brought dow’u in Januan', 
1857, was 25 ft. higher than that here d<>srribed : also that the stmta of the former were hnri- 
znnial, whilst those of the latter were vertical : and, on the other hand, that the blocks forming 
^e of the latter wore smaller, and more suitable for building, than those of the former; it 

is evidently, therefore, difilcult to fix any rules for dehTtnining the quantity of jx>»der retjuired, 
iwp4*cially where hidden joints exist which limit iU effects. 

The miners w<-re but little impeded by wet or damp : the gallery was driven with a slight 
inclination itpwanls to allow any water met with to flinl its way out. Whenever damp holes liad 
to be firwl, pitcbod bags or cases, caqiablc of holding 3 to 5 oz, charges, were u.sed : the sm<^>ke fn>m 
the firing of the blasts and foul air were removed by a rotatory blower worked by a boy at iLo 
mouth of the beading, and a canvas pipe convoyed the fresh air to the cliambers. 

The |x)wder was brought b> the month of the gallery in casks (containing from 50 to 100 lb#.), 
and there emptied into canvas bogs capable of holding 50 lbs. ; these l»gs were then jiassed from 
liand to hand by men placed nt intervals in the gallerica, to the n'Sjjectivo chsmlx rs, where they 
were di.*wharge<l into larger bags previously hxlged ther»\ to the extent required, after which some 
old jxiwder -cask sackiug.s wen* thrown round and over them. 

The clay for tamping was brought to the mouth of the main gallery in wagons, and w heeled 
through it on planks to the shaft, where it was thniwn down, niul conveyed frttm the lx>ttom 
theivnf in a similar manner Ui the hiwlings. This method was found to re<)iiire less time ami 
laltour than any otlier known to the engineer. The whole of tho tamping was performed in 42 
hours by 25 latxmrors. 

Tho copjx*r wires leading from each charge were, througlmnt tiieir cf)ur»e in the tamping, 
lap)M‘<i round with calico and tar-l>aiids, gr<at rare having been taken when tamping nlxuit iWm. 
This method wras preft-rred that of using wooden casings, and gave much freedom and ease in 
turnings at the angles and bt'iKls in the; lutings. 

— 32 iMirous cells; 32 zinc plates; 32 platinum plates ; 32 gntta-percha tnnighs; 
mahogany rase for box, quicksilver, and poles ; 2| gallons nitric acid to till tho cells ; | gallon 
sulphuric acid. 

8 copper win«s from the Irnttery to tlio charges, including calico lapping ond lar- 
bonds : — 8 x 500 ft. — 4000 ft., and 800 ft. of wire weighing 28 llw., 4<i00 ft. = 140 lbs. 

Tho time occnjiied in driving the galleries, sliafts, and so on, wjis alxmt 9 month.^ the rate of 
progress averaging 1 fo*it the day o( 21 hours, and 8 miners working. I’owder u>*xl in blasting 
(3 lbs. a f'xdX 210 X 3 = 030 ; 1 in. of fuze a foot = 210 ft, ; G lbs. of candles a week, 3G x G = 
2IG ; 30 bags or tamxl cases. 

1’hus it would appear tJiat 40,000 tons of stone were pnx;urcd at an exjicnse of CCO/. IOj. Cc/., «»r 
alxnit 4d. jx*r km. 

At n }xiint 150 }*nrds in front of tho cliff, tho report was not loud, it resembled the sound ol‘ 
very distant thunder. 

Appiication of Me Galnxnic BMUnj In MilUary Purpotet. TUt'a fi-<m H, HuAfs /xi/kv, 
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skmttl Pitpfrt, R.K^ 1855. — The inquiry, whether the exploction of churjcoN of iiowder by voltftic 
H^ency coulj be made generally applicnblo to engineering pur]xwcii in tlu* field, »eeui» naturally 
to diTitle iUielf into the following ht^a : — An iiir|uiry 

lilt. Into the motive jmwer. 

2nd. Into the conducting medium, or the meana by which tliat power could be conveyed to a 
distance. 

3rd. The construction of bursting charges to proihice the dcsire<l explosion. 

4tii. How the power obtainable could be beat applied to the explueiou of a nmuber of minca 
Hiniuitaneoualy. 

ifytire /^taccr.— The inquiry into the motive power arnuigea itself under the following sub- 
divUioiiH : — 

1st. The deterraination of the principle b^ which voltaic action could, on the whole, bo mo«t 
I'trcctually produced: that is, the dtricrmination of that combination of metals and acids which, 
while it tNunpriHCs such as nn> generally procurable at a moderate expense and are safe to handle, 
would exhibit the greatest power. 

2nd. The most covaomuyi/ arrangement of those, as to size and numbers; so that the jiowcr 
re<]umxl should bti produced out of the smallest hulk, and at the least cost. 

3nl. The general simpU^ottum of the arrangement of cells nntl plaU^s, so as to admit of their 
easy repair or replacc*ment ; tho*armngemcnt to combine portability and facility in charging and 
dismantling: the whole to admit of la'iiig remlily packed and put together; to Iw dorable, having 
ns few parts as pnssildo Habit* to dete rioration by keep or use, and th<^ such os to admit of many 
sjiare ones being carried with the apparatus, and easily procurable anywhere. 

4th. To reduce the manipulation h> a mere mechanical process, requiring in the application no 
chemical or scientific knowledge to work it effectually. 

Conductim] Mtdium . — The inquiry respi'cting the conducting medium naturally embraces the 
best metal for the purposo ami the most dcHirable thickness under every circumstance; a ready 
moder of asc(>rtaining the conducting ijower of any description that might be procured on the »{>ol 
in an emergency ; the di-greo of isolation required In preserve the strength of the circulating 
current, the best covering to effect this perf^vlly, and the cost of the most approvi’d. 

liHrdin^ Chargft . — The most approved biuwting charge to be ascertained ; whether that formerly 
made with a thin platinum or irou wir»\ or that discovensl hy Bnuiton, where an iullammablu 
compound is obtaimd seemingly by a (vunbination of copper, sulphur, carlxm, and gutta-percha. 

In Uie former, the best length ami thickness of platinum or iron W'ire, and the mc«t desirablo 
cnnsinKtion for bursting cbarg(« under such circumstances ; in tho latter, the most approved 
compound, and the readiest methrxl of iimking it. 

Simultiitu'iAu yirin4j . — How far the power obtainable by voltnio agency can be applied to tho 
explosion of a number of chargers simultantxmsly bv each’dcscription of l^unrting charge, and tho 
lK.*»t arrangements for this pur|xs»e ; the rules dwfiice«l fn»m scientific inquiry that should bo 
tho guide in considering such arrangementa, and how far they must be modificfl m practice. 

As the whole of tho iuvestigntion is basetl on the theory of voltaic circuits, propounded by 
Professor Ohm, of Xuremberg. of which a translation is to bo found in Taylor’s ‘Scientific 
Memoirs,’ June, 1840, we cannot expect to be generally inteliigilde, unless we preface the ex|H'ri- 
mental results with a notieo of tho principles established by him, and tho couclusions doducible 
therefrom. 

In considering a voltaic arrangement of one mir, say zinc, platinum, and dilute sulphuric 
acid with the circuit closed. Ohm has sliuwn that tho force of the cnirrent in circulation is directly 
as the sum of the electro-motive forces, and inversely as the sum of tho resistance to its circulation. 

By the sum of the Wccfro-mo/iw /orers is nn^nt the excess of affinity of tho zinc for one of tho 
elements of the solution, as. for example, the oxygen of the water in the above caiK*, over all other 
counteracting agcucica: this force therefore being CTiiirt^y indfpcmlent e/ tAc $it< o/ the pUtU, and 
snbjtvt solely to the nature of the metals and liquids in voltaic combinatiem. 

By tho term excess of affinity it is nuderstorMl that if zinc is put in sulphuric acid and water, 
the zme decomposing the lntt<!r. tho cause of tho decomposition must be that the affinity of the 
ziub for oxygen is in excesa of that of the hydrogen for the oxygen, with which it is in the first 
place combined. It U this excess that in this particidar case is calletl tho sum. In many conibi- 
nntioDs of metals and litiuids. as in a Danicll or Grove, this exceas is the result of more com- 
plicated forct's, but iu all coses the sum of tlio clcctn>-niotive forces is intended to express this 
exc(>«i. 

By rrsiftitnee is intended the obstacle opposed to the paasage of the electric current by the sul>- 
stanci^ through which it has to pass. It is the inverse of what is tenmd conducting power. We 
are in the habit of talking of conducting inaU'ad of rwisting power, but it will bo acknowlixlged 
an equally accurate conception, to view all conducting media in the light of rwUtanccs opp»s*e<l to 
the {lassBge of elf*ctricity, as to cnnKid^-r th(*m conductors aiding its circulation. No substances 
in nature are perfect conductors, consequently some electric excitement is lust in each sWp of the 
transmission from particle to particle ; and it seems as rational therefore to ascril>c the loss exj>c- 
ricDccd to a resisting agency, as to attribute the quantity obtained to a favouring one. 

1-et F then represent the force of tho current iu circulnlion, which it must bo remembered, 
from what has been before stated in tho first part of this paper, is equal in all parts of the circuit. 
Let E s: tho sum of the electn>-motivo forces, aud R s tho sum of the resistaucN-s. Then 



[i] 


The resistance R in an ordinary voltaic pair is made up of two principid and some iiu'onsider- 
able fxirtions. The former incltnle the resistance of the wire completing the circuit, and that of 
tho lujuid intervening between tho plates. 
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The rosiatance of the conductinj* wiw which wo call »r, varies diroolly as its (/), and its 

BiKK'iflc resistance (s) j and inversely as the area of its section (u). Or, 

» = -. [ 2 ] 

The resistance of the intorvenins lit|uid, which we will cnl! L, varies directly as it* specific 
resistance (S), and the thickness of the stratum (T ) ; and inverauly as tlio surface of the plate in 
contact with it (A). Or, 

8 T • 

L = -;r- m 

By specific resistance i* meant the resistance dno to the nature of the liquid cmplovwl, and Iho 
loriii is ustvl in the same «*nao a* wo speak of speeific j:ravity. 

In fact. Ohm ossium's that every atom, whether of liquid nr wire, is cafmhle of reociviiu; 
excitement from the one before it in the circuit, and |iartinK with it to the next in succession : that 
a loss occurs in the traiisuiission de|>erKliD}; on the difTerenci^ of the electric forces existin^r in the 
two adjacent atoms : just os in the theory of heat the transmission of caloric ia-tween two particles 
is re;;ard4'd as proportional to tlie diflTerenco of their tempemtures. From this the laws in »|ua< 
tions [2] and [U] seem obviously deducible. 

There ant other resisiant'cs in an ordinary voltaic circuit, namdy, that of the plates themselvea, 
and of the metallic connections Irntwif^'ii each |iair, when a nunii)er are combined in M>ri(« ; but 
the ^reat *r!Ctional area and short length of them ntake their abBolutc resistance, when compared 
with the rt^t of the circuit, insi^rnifiennt. They do uot require a s«qiarat(> consideratiou. 

The resistance It then conaista of L and «c, or 

E E 

^=E=-L+V W 

Now, instead of completing the circuit by a wire, let the pint<$ of a pair bo connected by a 
medium whose resistance is insignificant, and ct^uation £4] becomes 

F = -J^. [5] 

repreaenting the free circulation in a voltaic pair, when tc * o. 

If ft such {fairs are arranged in scrica, (he first xine and the last {datinum being bought in 
contact by a siiljstance whoso resistance is insignificant, we slmll then Imve a electro-nmtive forces, 
but also H resistanoeo ; so tho value of F will remain unchanged, for 


but there can now be added n times as much rosistanoo of wire as could t>o borne in e<]aatiou [4], 
without diminishing tho value of the force F below that which it represented there, for 
„ K n E 

“ L +' w “ * L + » » ■ 

When the galvanic circuit is divided and circulates at tho same time through two or more 
branches, tho force of the current lhit»ugh each will be in the invtuwu ratio of its resistance : thus 
if r ami r' be the resistances of the two portions or branches of a conducting medium through 

which the cummt i»os«^b, — and will be the proportional force of tho current in each, and 
their sum ■ will be thot of the current tfoiuring through both ; therefore will represent 

rr c -f r 

the resistance of a medium tlmt «mld be sulxitituted for lx»tli, and not diminish the anmunt of 
circulating force. 

It is very imjfortant to bear in mind the law relative to divided currents, as it particularly 
concerns arrangements for sinmltaneous firing. We are ton ready to assume thot tdectricity «di*U 
for itself the rewliest [foth, utterly rmwling inferior means of conduction ; hut with TvsittH-t U» the 
circulation of voltaic current, this ijoa is decidodly erroneous, and the coDverso is capable of easy 
practical demoustmtion. 

These are the {stints of Ohm^s theory that most immediately concern us ; let us now see what 
conclusions are deducible from it. 

E 

Referring to equation [1], F = , it is evident that in a voltaic arrangement the nature of 

K 


whoce metals and liquids has Itecn decidcHl on, the force F is entirely dtqs^ndent on the magnitude 
of n, or the resistance offered to the circulation of the current ; as wlum R ilecreoses, F increases, 
and when R sr o, F ss oo , which implies that whatever arrangement of {)lates and acids may bo 
mu<ie, if t)»e resistance can l»e n*dm%d to o, the power obtainable is infinite. That this is true may 
be explained in this way. It will be n?meml)ered that it was shown (set* Dattcht) to be efisential 
to the flow of a continuons current, in an arrangement, for example, of zinc, ro{ipcr, and dilute 
sulphuric acid, that the zinc sbrmhl lie oxidisuxl, the sulphuric acid should combine w itJi Uie oxide 
to form a sulphate, and the salt should lie remove<l by dissolution in water, having all things 
in aUttu quo for a new set of actions. Now, though these are described as subsequent o{>cratioDa, 
where no restraint is offered, tliey all take place at the same instant. 

Now when K s c, the initial force F is de{>endent on the value of E, which represents tho 
execs* of atlluity eff the positive metal for one of the clemeuts of the solution over oil counteracting 
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aj^rtos, and ii tlmrefon^ HmiU*d,‘ but if «iich an anunp^ment won? ma^lo tliat the limitHl forro 
«houiil be deTeloiMxi aKAin and apiin. independent of time, the resiiltjint power, of enume, would 
lie infinite. At fir»t view it M‘em» na if the oombiimtion of zinc, platinum, and iiUut<* arid, above 
deacrilMMl, ia Htirii nu armu^emeiit; ntul tut far aa the rhemiral artion ia rtmrt'mtd (if we l«*ave out 
of conaklenition the adherence of the hydrogen to the negative plah*) it certainly is, but there ia 
one gr(>ut eluxrk to the development, which can be dimlniiihed, but not got rid of altogether, namely, 
the reaihtamy! of the liquid hi the ]MiMtge of doclriritv from plah* to plule. A« there must nece»- 
M»rilv be some liquid to imuluce (acih>ment, so must there be a resistance K ; let this but assumo 
a vafue, and F liecomes limited. 

The devidopment of an unliinitorl force F would seem, then, to be prevento«l by the resistance 
offoriMi to the rircitlntion of the cunent. It may lie <Hinsidert'<i that the zinc, for instance, on ladug 
coutuiually attacked, and hiuling a diflioultr in getting rid of its vzeitement. liecmuca no cliarged 
that it ri^iHU a further disengagemeut uf electricity, or, which is €K]uivaleni. rt?sists further 
dcadruction, that la, hau-s its aflinity for oxygen, till it can be restored to a certain state of quii*»< 
wnoe. We have a case analc^us to this in electricity protlurtsi by friction in an electrical 
machine, where, in onler to obtoin an imlimibxl supply of {lowitive excitement from the glass 
cyliialer, bi tdiarge I.tryden jara,or for other ptir|KMH's, it is necessary to conmfct the negative prime 
coinluctor with the ground, to mny off a fmrtioa of the high negative excitement pi^uc««l in it 
by the friction ; it Wing well kmiwn that if this was not so connected it would U^>me so highly 
charp'd as to resist further dbeugagoment of excitement. I have here given, says Ward, this theo* 
relical view of the varying value of F, hi bring liefore the mind the fact that the force of tiie current 
circulating isonntrolUd only by the value uf R, and tlmt 1 ooucelvc it to be tnio that, wUAout any 
lunititiun, so long OS H is docreai»e<l F will IncitMse. 

The value of U U, as luis l»e<?n staU><l. compotM?d of two parts, namely, the resistance of the 
exciting liipiid and of the nietaUic wire closing the circuit: and how these can bo diiuiiiislud in n 
siuiule voltaic pair wc sliall hml by referring to t*i|uations [*21 and [S']. 

From e<]uatiou [3] we can diminish the resistance! of the liquid stratum, by bringing the platea 
nearer together, by substituting an exciting solution wliose spccilie resistance is less, or by 
inert'osing the size of the plates in each cell. 

From e(}uation [2] the resistance of the condncting wire in a simple voltaic pair can lio dinii- 
nislicd, by sutistitutiDg a metal whose specific resistance is less, by shortening the length of the 
wire, or by increasing the area of its section. 

Diminishing the distance lietwecn the plates in each cell by one-half or oncdhirtl will permit 
ns to diminish the size of each plnic, and th«ref\trc tKeir tociyAf, by cme-half or one-third, without u 
Imw of power. 

Increasing tho section of Uu* conducting wliw, or, which is the same thing, increasing iU 
weight per yard, will pennit its length to be similarly increased, without dinuuishiug the value 
of F. 

E 

In tho equation F := * taken as representing the Cftmlition of a circulating Ibreo F in a 

determined combination of metal and acid, wo have seen that F can only bo iucrease<l by tho 
diminution of I. or w, or Uith. 

We have just seen the means by which L can be diminished, and mippooing that by one uf 
these it has been reduced to — its value, the equation of tho voltaic pair becomes 

V - - "E 

I, , - \. + nw' 

H 

With respect to r, cvciy mode of diminishing its value, which Ims been hefore mentioned, is 
adopte«l in practice; that is, a metal (copper) is euiployctl, the specific ivsistnnce of which is the 
amalleot known : such a size of wire is usud as can with a due reganl to economy lie employed, nml 
no longer length than is aotually required would, of ooursc, ever be placed in the circuit. Dut 
there is yet another nuNlo of reducing the resistance. 

For instance, if it is desired to n<«luce w to — tb its present value, it is readily done by com- 
bining n voltaic pairs in series, and applying them to ciirulato ihe'eurrent through to; the equation 
then stands, „ g p; 

F" s — . . 

nL + V . 

There are here, then, two modes of increasing the force F, and the question U, which is the greater, 
F* or F ", that is, K E 

or 

• 1- w h + — 

n a 

Their comparative values evidently dewnd on the respective values of L and w; for if L is greater 
than V, F' is greoter than F" ; if equal, ctiual ; and if less, less. From this wo have the following 
rule : — 

When the resistance of the liquid stratum is greater tlian that of the wire, it is more advanta- 
geous to increase the size of the plates of a voltaic mit than to arrange a number in series. W'hon 
the two resistances arc equal, it matters not which is done; and if tho resistance of the wire is 
greater than that of the liquid, the development of the force F is most ooonoinicaRy obtained by 
placing several pairs in senes. 
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ThU ifl a most important principle to bear in mind (as will be hereafter shown) when mabin? 
an armup>ment for tiie explmiion uf a Miries of cluiri^: fur by a simple alteration of the diMjKi- 
aition of ofdls, etfecta can ^ produced which without tl>e knowlotlge of this principle would be 
unaecoun table. 

Tho rule abovo niado evident is supported by practice. In cIcctro*plating, where the meUllie 
portion of the circuit is short and ample in size, ex{>erieDco has taught that it is more profitable 
to increase the sizo of the pair in action. But in the explosion of charges of powder at long 
distances, where tho metallic resistance is usually extensive, it is found more economical to arrange 
plates in series. 

The explanation usually given for the noct'ssity of diflorent arrangements for tho two pur- 
posoH is, tliat in eh^^tro-plating a quantity of electricity is required, while in exploding charges 
uitcnsity is (uuKOitinl. lnU>usity of hi’at (for this is one of thu forms in wliich electricity can 
l>e made apparent) is a property partly dei>ei>dent on tlie quantity of heat, and partly on tho 
space it occupies. An increase of intensity can be obtained by putting the same quantity into less 
space. The same quantity of caloric applied to a 12 and 24 lb. sliot would ]>roduce heat of various 
degrees of intensity. Intensity, therefore, is directly and entindy de{)cndent on the s]W4h; into 
which a given quantity of heat is oomprcMcd, not upon an arrangement of cells in series. It would 
be (HMially correct to say tiiat inennuting the sizo of a voltaic {»ir would increase tho intcuifity, as to 
ascrioe that power to the accumulation of cells in serica. In fact, Ixith these arrangements have 
that power, as wo can imagine the same force F being made to circulate by each mede in thu samo 
conibinatinn of metals and acid — tlmugh in ono case by an arrangement in series, ami in the other 
by having one large voltaic i>air — and through two wire circuits identical in their size, length, 

a E 

and conductibility. In tho former, assuming a cells to be placed in scries, F : 


and in tho latter, w and £ being of tho samo value as above, F = 


L' + »« ’ 

I - 1 


a L + » ' 
And for both 

tc, which value is 


these values to be ecpial it is only necessary that 1/ should et^ual L - 
obtainable by a proportional increaso of one pair of plates, as long as ” ^ w is less tlian L. 


The same force F, then, whether caused to circulate by tho conditions expressod by ; 
»E 

n L 4* « 


L' + w 

will exhibit tho same intensity on similar parts of two identical wire circuits, and the 

projierty of prrslucing intensity is thus shown not to be confined especially to either arrangement. 

To prodni*e any,riH|uircd intensity it is necessary to get the rot]uisite quantity into the given 
B|)occ, and this can only bo dontt by overooming tho olwtaclos to its transmission. There are two 
duseriptioos of resistance to overcome, immolv, that of the connecting wire and that of the liquid, 
and it depends on their conqiorativc power wliich it is most desirable to diminish ; the former can 
be lessened most readily by aceuiiiuLating cells in series, and tiie latter by increasing thu size of 
the jilates. 

It is practically tnie tliat in the explosion of chargosnt long distances the required intensity con 
only bo obtained by accumulating cells in series ; but the reason uf this is evident, namely, that in 
K 


t'quation F = •; 


- , even if the resistance L by tho increase of the size of tho plate be rt^luecd to 


li' + Iff’ 

an insignificaDt value, thatof tc mav still be too great to admit of the required quantity circulating 
through all |>artM, and then idatiw in series are css*mtial to ruduee tho value uf tr, as by that means 
only ran F now Ijc tnoreaaecl. 

The converse, however, is e<|ual]y true, and deserves consideration. Imagine a combination of 
n cells arranged to ovenvuno a rosistance ic, and tliat tho number is so gnrat that the op|M>bition of 
Iff has been practically reduced to nothing, or the eipiation representing thu value F standing thus — 

n E K 


F s 


» L + w 


L + — 


in which is so insignificant as to admit of its being left out of the considemtion, then practically 


K = 


Now*, if L is so great that its resistance alone will not jicrmit of a sufficient quantity of 
force circulating, then if 1000 or 10,000 cells were placed in aerie#, we could not sensibly increase 
the value of F, for it oould only approach, but never could equal ; to obtain stiflicieiit intensity 

Li 

' in this case it would then be eawmtial to increase the size «f each plate in the serica, for by that 
means only could F now be augnienttd. Thewo considerations are imjs»rtant, for they show clearly 
that there is a limit in each case, lK*yond w hich we can get no appreciable increase of |x>wer : in 
the one no further increase of the size of the plates will increase the force, imleta we at the samo 
time increasi* U>e number: in the other we may diminish the size so much as to render a largo 
numiHT plated in series of no value. 

Keturning again to cqriation F = — — . It has bci-u aliown that, whatever (he value of n, 
B Li + If 


, E 


F cuawit equal , tliat is, the electro^awtite farce af one pair rewtrained 6y the reeieUmcc of the inter- 
Li 
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wninj U<ptid ; at tho aamc time tlio coiubiimtioa — j- 


haii tbo power of cirrulating the force F 


E E n E 

throii;;h i» timce tlie metallic circuit which coulcL for F = = — -■■...■ . ThoM two 

I< L + wnL + Rw 

theoreticAl c(mclu«iom admit of tho {lopular explanation, that in a aerieti of rella, with nlaUw, aay 
of xinc aiul copper, each oipper, while nucciviu}? excitement from tho xinc of iU own cell, roatorea 
equilibrium the zinc in tno next, or that to which it ia metallicallj connocteil ; that ia, the hrat 
copiH*r in the aerica trauquillizea the aecond zinc, the second copper tho tliinl zinc, and so on ; and 
then thoru remaina only tho first zinc and last ccipper, which reipiiru to Imj counwbHl to p«*nnit 
each to return to a state of ouicacence: of course, then, any connectiwi uniting theae two, howevar 
small iU n^sistance, cannot navo so great an ainount of electric fluid traversing it as Dial which unu 

g 

voltaic pair is ablo to produce, or tlmt expressed by . 


At the same time, as Ohm has shown that the quantity of electric fluid travelling by two 
|mt)ia U> the same destination will proceed by each in quantities varying in the inverse ratio of 
their powers of riwb«tance, lot us imagine tho qiiantity at tho last cr)p|n'r plate in the series desirous 
to return to the first zinc, and that the zinc and ciqipcr is metallically connected, boa^g also in 
mind that this zinc and copjier are connected by another means, that is, by tho alternation uf metals 
and acid Boluti«rns, both conductors intervening bfdweeu Uiem, so that there are here two paths hy 
which CMpiilibritun can be restnrcvl ; and now if wo suppose, fintt, the metallic mtislanco in8uper> 
able, the whole of the electricity will return by the liquid : if wo suppose tlio liquid resistance to 
U> iusii|)omblo. trauquillity will bo rrwU»red wholly by means of tlio metallic mad. But in reality, 
ns neither resistance is actually insuminuntable, Uie fluid does retuni bv both roads in tho inverm) 
ratio of their resisting powers. Conceive, then, one voltaic pair with the circuit cloaed by a wiro 
of any given length. In this ponitioii a certain amount of eluctric force is proceeding fmin tho 
copper to the zinc hy the wire, tho remainder returning by the Hqnhl, Uie proportion depending on 
the rtvistiug |s>wor8 of each ; if, then, we increase tho resistance of the liquid portion n times, wu 
mn projiurtionAlly increase that of tho metallic jicrtum without altering tho aljHolute <|uantity 
proceeding by each jiuth. In a c<;>mbinatiou of n oeils the fonner is dune, and then wo are enabled 
to do the latter. When n cells are used in aeries, a times tho resistance is opposed to tho rcBim 
of the electric fluid at the lost plate hy tho liquid to tho first, for it has to traverse a tbicknesm's of 
solution and a |siirs of metallic plaU's, and so we can a<ld on n times as much metallic wiro 


resistance without diminishing the quantity, thereby circulating Udow that which would circulatu 
through the original length, were but ouu voltaic |mir to )jo emp!oye<l. 

This ]SissBge is not |>crha}m quite clear, as it would imply that an increase of the liquid 
r(‘sistancc, taken by itstdf, would allow an augmentation of the wire resistauce also. At page 538 
, .... .X .... X „ L »E E .... 


the fonuula explains it, as it is shoam tliat F .= - 


nL + nifl* L + ui 


reprcecnting tiie 


conditions of a single pair, and — ■ — that of a series of n pairs, in which L having been 
a Li 4* a IT 

incrmsoil a times, tr has also been increased in the same proportion ; but the numerator or electro- 
motive force ha.s Ik-cu likewise increased n times. 

Proceeding on the principles thus devcloi»ed hy Ohm’s Uiwirv to inquire into the |Jowcr of 
every description of l>attcTy, it will, wo hope, be clear from what Lias liven said that it was in tho 

liret place ncct*saary to ascertain tho comparative value of L and u> in the equation F = — 

before it could bo decided whether the force F would be most I’couomically produced ; and 
tw'cnndly, the cnmjiarative value of E to show the relative electro-motive energies of the several 
known combtnatinns. 


Bcfi»ro proevt'iiing to detail the experimental results which determinwl tho choice of the 
motive power or description of Imttery for military purposes, we may euuravmtu those that have 
been submittal to examiuation, namely:— 

VVi>f4utW»-.-Ziue and eojqier and dilute sulphuric acid, and its modifications uf zino and iron, 
and mp|N>r ami iron. 

AnVs — /irie, platinizisl silver, and dilute sulphuric acid. 

ff'rvpe’s — Zinc aud dilute sulphuric arid, platinum witti strong nitric acid. 

i^mic/rs — Zinc and rop{>er, with dilute sulphuric acid and sulpliato of copper. 

Zinc, platinum, and nitric acid. 

UtrCaUtin'i l>att4'ries, of which Ihero are several varieties. 


These wvonil liatb'riiw can be classifled under two howls — tlioso in which an evolution of pis 


tiiki's place mi completing tho ctitmti, and tlioac in which, for tho attainment of oonstanov, tho 
gas is ahsnrlied by a chemical pOKX’as. To tho former class lielong Wollaston’s and its mixiifica- 
tinns, Smec's, and 1 )nlgleish’s ; and to the latter, Dnuteirs, Umve'a, ami McCallaii's. 

The wlvantap»i of the first class consist in the simplicity of the arrangernonts. the use of but 
one acid, the necessity for porous cells being thus avoidcnl; while the second has the advan- 
tage of producing greater constancy by a chemical arrangement, though at tho cxjicnso of 


simplicity. 

Wollaston's, Siiice's, Daniell's, and Grove's batteries have been for some time before the 
scientific world, and arc well known. McCnllan has orgnnizisl sovcral combinations of metals 


and acids which rc«|uire notice. In one, cast iron is simply Hiibstituted as the negative metal for 
the platinum of Grove's: In other forms he ust*** suec<‘s«lvf'ly platinized iron, plntiuized bswl. 
chmnu-d iron, chromed load. He also varies tho exciting solutions. Now ho employs ronoentrabxl 
nitric and doubly-roctifled sulphuric acid in coutoct with the iron ; then, again, this solution is 
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modified by mixing tour parta of sulphuric aciiL two of nitric, and two of a saturated solution of 
nitre together. If, in this Intte.r luixture, nitric acid is disitensiHi with, its place mtist he supplied 
by nn oildition of the nitric solution, which, he staUtii, iieeil n<d be «atiimte«l. He also finds that 
nitrate of wkIb could be substituted for nitrate of potash, though with a loss of power to be repaid 
by cheapness of material. 

Plntiniiu'd or chrrmied cast iron answers as well as platinizid lea<l, and cast iron without being 
chromcMl apjxmrs to act ns well ns platinum. 

After weighing well the relative qualities of lead and cast iron, McCallan prefers tho latter, 
principally because it does not require platinizing. 

Kitan ilu'sc remark.^ it w^ms just to inlor that cast iron not platinized — that is, plain— was, on 
the whole, better than platinized lead, platinized iron, or chromed iron; and if tliis is the case in 
tho laboratory, it will m much more so in the field, for the platinizing process will, owing to tho 
destruetum of the iron, roquire to Iw fre<pienlly re|K-ated, entailing much ex|>enso and trouble, and 
retjuiriiig sdeutifie knowledge and practice. It was only necessary then to test the merit of the 
substitution of cast iron for tho platinum in Orovo’a, and the use respectively of nitric and 
sulphuric acid mixed, concentmted nitric and sulphuric acid mixed, and oonceutratod nitric acid 
alone, when applied to nrodtice voltaic actum. These trials have liecti made. 

The liattery made oy Dalgleish, of the Ordnance Survey Office, llublin, deserves mrticuJar 
notice. He employs zinc and platinum for tho metals, ami strong nitric acid, though it should not 
be M>iiC4'ntrat4Hi, for the solution, i'latiuum cu}m containing nitric acid have sus|m>ih1(!<1 over tlieni, 
attached to a Imr, cylinders of zinc, which are kept from the influence of the acid by strong elastic 
ijands. At the moment the voltaic action is rri^uircd. a pressure on the bar immerses the zinc, aud 
at the same time, by an ingenuous arrangement, comuleknt the connection of the several oclU. An 
action ensues, and the desired eflV>ct being produced, the removal of the band allows the elastic 
Imnds to witlidraw tho zinc cylinders, and yet to keep thorn sus]>ended over their respective cups 
from further destruction. See Figs. 1131 to 1153. 

. 1151 . 



Ac/crcnoc o <1, I'tstiDum cylindeni in meUllic rnmmunicatiao with Uie 
platinum ennnseton* 66, ec. Zinc mis in oomuiunicatioii with t1>« ]dutiuum 
coonfcto)t dd. When in Mliot) dd press lightly on 66, thus coniievUog 
each zitic rod with its corresponding platinum cylinder. 





^c/crcacs;— The right-hsoJ zinc rods are oroitb-d to show more 
dearly the mwle of cloeing the cylinder* with tho lid r, when not in 
use. //, Strap* of india-rubber, wh*ch are intended to raise the bar 
X when pressure is removed, so ns to stop the action. 


nsz. 



Section on A with portiotu 
of the battriy in elevation. 

Jif/frence : — e e, Poles c»f 
the battery. $ i. Screws, 
n n, Pillars on which the bar 
X slides. 


Though thta lottery is cta^cil with thoiM» in which an evolution of gas occurs, they can by no 
mcann wunparc with it in energy. Its eloctromotivo force is very grent : nor can wo by description 
do justice to the ingenuity of the arrangement by which the zinc cylinders arc kept out of the acid 
till their destruction is m-cessary ; at the pmr>rr moment the prGMuro of the hand immerses them, 
aud simultaneously makes the connection of tne several cells. 
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Witli TP«p<y‘t to WoH&8t^»n’(4 Imttcry of zino nmt copper, riuI the modiilrations of it 
mention^}, we di<l not Huhmit them to futy detailtnl examination, for w« Wllevo It Im well known 
and {{cnemlly aeknnwled*^! that principle ia sn|»erior to them in tttrry way. Having 

Mitisfieil htniMcIf of the truth of thia general opinion. Ward tested more cart^fullj the power of a 
8mee, and tiie rt^miU will ahnw how inatUvpiate such an urrangement b for the iutenao and 
con-dant heat required for expl««ion» of |>owder. 

The plan pursued in the inquiry into the merits, or productive values, thcae sovcnil forms 
of battery, was to anrertain lirst the moat advantagooiia size and arrangement of to caii»o 

the circulation of the required amount of force in each, and then to select the one b»it for uac 
in the field. 

The principle on which Ward proeer>(Ud to obtain thcao values was by introducing variable 
resistances into the circuit, and bringing the force of the current circulating in each case to an 
equality : then, by equating tile two expresNiouH obtained, we can arrive at the electro-motive force 
or n*»i»tance of tno liquid, according to the conditions of the experiment. 

To apply the jiriuciplos iu<mtu>ocd. it is nocewtary to have the means of varying the iiitcrpOMd 
resistance gradually butween any rc<{uircd limiU: and the instrument employ^ was a Itheostat, 
Kig. 1154. 

list. 



The following is n description of it :— <7 i* a cylinder of worwl with brass tennination, and h a 
cylimicr of brass, Isvlli of the lamc diameter, and having their axes (larDllel to each other. On the 
wood cylinder a apiml groove U cut, and at one of its extremities is attiu^hid one end of a long 
copper w ire of small diameter, which, when colltd round the won«i cylinder, fills tlio entire groove, 
and is fixfd ut its other end to the extremity of the biai« cylinder. The two springs j and k. 
preiwing one against Uio brass terminal of thu wood cvlinder, and the other against the brass 
cylinder A, arc connectevl with two binding screws for the pur|x»H‘ of n«<’iving the wiics of the 
circuit. The movable handle m is for turning the cylinders on their axi>a ; when it is attachcil 
to the cylimler A, and is turned to the right, the wire is uncoiled from the wood cylinder, and 
coiled on the brass cylinder : but w hun it is applied to the cylinder g, and turned to the left, the 
wrverse is efle'ctcti. I’he coils on the wond cylinder being {tisulate<l and kept .ncjiaroie from each 
oth»*r by the grrsivc, the curr<rnt istssca through the entire length of wire coiled on that cylinder; 
but the mils on the bmM cylinder not being insulated, the cummt jmsscs inunediatciy fnmi the 
point of the wire which is in contact with the cylinder to the spring A. The eflective part of the 
length of the wire is tlu rcfore the variable portion which is on the wood cylinder. 

A Hcnle is fixed to measure the numlicr of coils unwound, and the fractions of a ooi] arc 
determinetl by an iiulex which is flxe<l to the axis of ouc of thu cylinders, and points to tlie divisions 
of o gmtliuiU-4l scale. 

The instrument emjdoyed was made on the same principle, though of larger dimensions, as 
more suitable to the inquiry in view. Thu cylinden* Wf-re 10 in. long, and exactly 10 in. iu circum- 
ference, the wire employwl being about *045 in. diameter, and weighing al>out 53 grains a yard. 
The wood cylinder when covered held 190 turns of such wire, or 52| yds. ; and it was assiitiKHl ns 
the standard miwsure of resistance, estimating and expressing all other resistances in terms of this 
wire. 

mode was requisite by which the force of the current circulating could be measured. A 
delicate astatic galvaiiometcr first occurred to Wanl as suitable for the purpose; but he found 
that, tbnugli well adapte«l for the measurement of feeble currents in circulation, it was not so 
suitable for mcosuring those of such great energy as are required for the purpose of exploding 
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powdfir. It socmed thftt the rwiiatunofi of tho Hc]uiil xtratmn and tlie electro-motive fnrros wrrr, in 
Miino formn of liatU^r)', dependent in a de^ec mi the amount of electric current in cimilation. nr 
when the quantity wna ao minute as to be acoumtely meaaurtd by a ^Ivanometer the vnlhc nf h 
was li'tut tiiun when a more energetic current was passing. On the other hand, when a eufiieiently 
strong current was circulating, the deflection of the galvanometer nee<Ue was so great, tliat Kinall 
variations in the extent of ti»u circuit pitsluced no efiV-ct on the variation of the nw'fllH. Frequent 
changes were also apparent in tho magnetic intensity of Uio needle when acted on bv strong 
currents, so that two equal degrees of variation Cf)uld not )>e taken as indications of tLo same 
amount of circulating force. It was thcrefort> no easy matter to ascertain when a current siifli* 
cieutly cuergctic for the object of the iis|uiry was in circulation. 

Witli an inU*ntion, then, of ascertaining tho amount of reeistanec and electro-motive force in 
every form of battory, when a current of sufficient energy for exploding powder was circulating, 
and at tho same time to have a certain indication that siiou was the condition under which he was 
making the cx|)erimcnt, Ward a<lopted the following plan. In some part of the metallic circuit 
ho pla^ a thin platinum wire, $th of an inch long, weighing l'&5 grain a yard. Gradually 
varying the metallic resistance, ho then ascertained the amount at whicli the small wire would 
just m<‘lt. As tho same degree of heat wouM always be nece.'wary to fuse the same length and 
thicknem of platinum wire, and as tliat cnuld only be obtained by the same force of current passing 
uniformly through all parts of tho circuit, and, moreover, as the fusion of this wire would rwulily 
ignite surrounding powder, he thus obtained a galvanometer which, at one view, gave all the 
information requiird. 

It was an easy matter to design an instrument for holding the wire, or any numl>er of wires, if 
required. Ward had one constructwl, which also perinittfsl of two wires bidng placed in sueeessive 
|wrts of the circuit, or, if necessary, of two sets of six, the wires of each set l«eing arranged side by 
side. (The reason for both thcao arrangements will afterwards ajipcar.) They were held firmly 
between parallel brass plates ; and by means of screws, elamiM, and a graduated scale with a 
vernier attached, any length, from the smallest imaginable to in., could bo introduced in the 
circuiU for the pur]xiao of experiment. As it is on instrument for measuring energetic currents, it 
may bo called an intensity galvanometer. 

Fig. 1155 represents this instrument, ss is a wooden stand, resembling a flat ruler, having two 
graduated scales ae of inches and tenths of inches corresponding to tho verniers on tho bent down 
(dges of the brass slides a a. In the flgurc tho right slide is fujtreiienhd as drawn back, and 
it will bo observed that it carries with it a vertical brass transverse plate, provided with slits 
for the reception of tho platinum wires, which arc then kept firm by the capping Imr 6<i, hero 
represented open, but which turns on a hinge at 6, and is scciired firmly to the plate when down 
by the lever-catch reprc»entc<l at e d. The other ends of the wires are received in slits of a 
similar upright piece, which forms part of the centre plate m, which is attached pennADcntly by 
screws to the wooden stand. This upright piece has also a lid p d, which is here reprewented as 


lifts. 



dosed on the wires. The left slide a consists nf the same parts, but is here shown as closed in 
to the central urrigbt piece on tliat side ; the two uprights being covered by the cap C, which 
keeps up a metallic connection between the left and right slides, just as the platinum w ires do on 
the other side. By removing the cap C the left slide Womes movable to tho left, and wirew can 
be insertid Wtween the upright of the slide and tliat nf the central plnte, just as is exhibited in 
respect to the right-hana slide. // are clamping screws to secure the didcs in any required 
position. VIC are screws for receiving the connecting wires of tho battery. When it is cuily 
intended to use a single wire or a sot of wires, from two to six, arrangtd side by side, the cap C must 
be down on one side, either the right or the left, as here repre«<.mtea ; but when it is wished to use 
two distinct wires successively iu line, or two sets of wires in succession, the cap C must be removed. 
The instrument may l>o made to complete the circuit, if necessary, without the platinum wires, by 
closing up the slide on tlio right as on tho left side, and covering the uprights by another cap 
similar to C. 

As licfore stated, there were barely 53 yds. of standard wire on the rheostat, but it was 
generally necessary to introduce much greater resUtaneo than this. The means of doing so 
were easily obtainable, for having on hand about two miles of thin copjter wire, varying 
from 160 to 250 grains a yard, coverofl with gutta-percha, in lengths varying from 75 yda. 
to half-a-mile, it was only necessary to ascertain the resisting {lower of these in term* of the 
standard win*, and by WlieaUtone’s instrument this was reailily done. Thus with a piece 
75 Vila, long, taking a Grove’s battery (though any constant battery would do etnially well), 
Wald found tliat three of its cells were capable of fusing tho thin platinum wire oefore men- 
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tionwl, whrn 119J inma of tho etantUrd wiro mk-il on tho w«iO(| rylinder of the* rhooatAt wiro 
vtcro itioliidc*! in tho circuit; and tho same throe ccIIh fum'd tho aamo lon^h of wire when 
n wil of wire of another deecrijition 75 yda. long, together with (IHJ turna of riieotitAt wire, 

3 P 

conipnwil the circuit. Now, three cells acting in series are expressed by that is, three 

clfctro-motive forces divided by three liquid resistances, if L represent the resistance of the liquid 
of one cell. Tho other resistanci* are in tho first experiment eom|sxittl of 1 19J turns of'stanilanl 
wire, and the platinum wire, the amount of whoso n'sistance wo may call p: in tho second, of 
75 3 ‘ds. of coil, turns of standard wire, and tho platinum wire ;>. Vruler each condition of 
experiment tliu same amount of force was capable of circulating ; calling this K, wc have 

F = ^ __ 

3 L + 119^ *b P 3 L •+ C8J + 75 yds. p 

By which wc obtain 75 yds, =: 51 turns; or the resistance ojipr^I by tho 75 yds. of coil was 
equivalent to that of 51 turns of standard wire, and whenever this portion was introduced into tho 
circuit it was considered equivalent to 51 turns of standard wire. Again, with a pi<‘ce of greater 
lengtii, eighteon cells of another lottery were capable of fusing tho platinum wire, tho current 
passing tlirough an equivalent of tum.s of standard measurt>. and when a piece 550 yds. long 
was introduce, the same result could be produced through but 88|i turns. The 550 yds. pU<cc was 
then = 8C8J — 88i = 780J turns of standard wire : and to show tlio degree of accumey attainable, 
earli result (namely, 80^ and 8K|) is the mean of eight observations; the first eight obsorvatimiB 
diiTering from the mean 808} as follows — 

2J, 2J, IJ, 2}. L 3J, 4J; 
and the •second eight from tho mean 88^ as under — 

5J, CJ, 2J. 2S. i U. 2ji, If 

The probable error of the mean difference reaulting from these sixteen olieervutions docs not 
exceed 1*15 turn; that of a single pair of observ'ations being within 3'3 turns. The galvanmneter 
is, however, capable of measuring to a still greab^r degree of accuracy, if nroeasar)'. The above 
olMtervntions were mode with a battery not |»rticularly suitable to tho puriswe, and with leas than 
the usual degree of care, in a period of less tlian a quarter of an hour ; the coil in questton not 
being re4}uirctl for tho subsequent experimental inquiry. The instnimcnt admits of a ri^petition 
of fo>m 40 to (lO olasorvations an hour with ease, aud thus, in a short time, it would be easy to 
obtain a result free from any but an almost inappreciable ermr. In a similar manner the resistance 
of any length of wire could be reduced to a staudanl measure : and as the wires were covered with 
giitta-pendiA, Ward was able to arrange them in coils round the tablo on which the battery stood, 
introilncing such as were requireil by the nature of the exiteriment. 

As the thin platinum wire before mentioned necessarily formed part of the cirenit in every 
experiment, it was rc<|uisito to ascertain its resistance in terms of standard measure. This was 
dune by first introilncing one, and then two such wires, all of the mmo length, in different portions 
of tho circuit (for which, as has been described, the galvanometer was adopted), and pi^uciug 
a fiistiiD in each case hy the srrnic jioKcr of hattery. The amount of standard n^sistanee or length of 
standard wire which had to be taken out in the second case to produce fusion, was c<)uiTalcnt to 
the resistance of one platinum wire. This was found, by the mean of six pairs of observations, to bo 
U0| turns. Tho probable error of this result being = 1 turn, and that of one pair of obs('rva> 
lions = 2‘3 turns, is niuivnlent— as the wire is but ‘375 in. long — to *OOG18 in. in tho former case, 
and to '0142 in the latter. 

A ready mode of checking the correctness of this result is always at hand : it is as follows • 
Find the utmost length in stamlaitl measure of the metallic circuit (not including that of tho 
platinum wire) which will admit of any even number of cells in M'rics, say twelve, fusing that 
wire. Asci'rtain the same with each half, or six of those cells. The sum of the circuits of the 
two sizes dinlueti-d from that of the twelve will give the standard resistance of platinum wire. 
This will be a true rc-sult, subject of course to corrections for errors of observation, how<>ver 
irregularly the cells may be wor^g infer $e; and a reference to ilie formula will easily explain 
Die rule. 

It might be supposed that the resistance of these several wire* would bo ascertainable by tho 

formula w = when the specific resistance, the length, and the area of the section are known ; 
o 

or if they are all of copper, tho s]>eoific ruoistanco being the same, that the length divided by the 
weight a vard should give the comparative resistance; but an approximate value can only bo 
obtaine<l f>y such measures. A small variation in the descrij»tion of coppt*r frem which the wrire 
is manufactured would affect tlio value of s, and the difficulty of obtaining in wires of small 
diameU'r a correct value for a, or, what is its eqniN-alcnt, tlie difliculty of obtaining a long wire of 
a uniform weight a yard, would increase tho prulmble ermr of the true result. For instance, 
several portions of the same w'ire weight^ 249*5, 233*5, 228*6 grains a ynnl, as ascertained by 
a delicate balance turning tn of a grain, thus denoting an irregularity due either to the rnauu* 
factnre or to the quality of the copper. 

1 1 is therefore fortunate that >\ hi-atstone's rheostat fumUhes such a ready, as well as practical, 
mode of sutcertainiug tho degree of resistance of all descriptions of wire vithout a kwjKledje of any 

9 I 

of the factor* of the eejuatiim tc s — . 

n 

The amount of error into which wo may be led by determining the resistance from calculatirm 
insti'od of by (‘Xiierimeiii may be seen from tho fnllowttig Table, in which that practically ascer* 
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tninM nnd that calculateil, each tn terms of wire weighing 53 grains a yard, are placed side hy 
aide : — 


Artiul ^ 

of Wlr*. ill 
Vsrd*. 

. 

WHRtit p*T ' 
. Yard. Ui Grains. 

Calcnlatfd 1 
R«sUtano> in 
1 (urns of 1 

RLis«iaL ' 

1 Actual Resist- 
' Bitcr liy fjipsri- 
1 mrnt IR (urn* 
t of RbcoataL ' 

Percent ajc* nf 
Kfiof In 
Cakolatlon. 

Pcfccnuapof 
Probable l‘>Tor 
In aserrUined 
iU-sbtance*. 

75 

i iM-ii 

fil-3 1 

1 51 

+ lR-8 

0-5.S 

125 

228 -W 1 

101-3 

83j 

+ )9'7 

0-.53 

245 

23.3«5 

200-2 

172? 

+ lS-7 

0-40 

41C» 

, 241) *5 1 

S7S 5 

322| 

+ 14-8 

0-34 

280 1 

' lOli-2 ! 

I 1 

321-4 

401 1 

- 24-9 

0-41 


Thus the first fmir lengths (which, m before stated, are portion* of one original piece, and were 
therefore probably maniifactund from one description of copper) are tolerably coiiHiidf'Dt ajnotig 
thenwlre*. though differing on an nvemgi* by rmm* than 15 |»er cent, pfns from the NtAmlard, 
when^ the Ia*t piwe shows a mia'ii error of mwrly 25 per c<*nt., making an aggregato ern>r 
bclwt‘en the two d^-scriptiona of copj>er wire shown in the Table o( nl>out 40 p<^ cent. 

Here, then, is nwlc apparent o*u» of the proliable sourtHM of failure in demolition by roltaic 
agency. The difl'erent diamoters of the piece** of 405 y<l*. and of 280 yils., though apparent im 
clijitf examinatiqn, would ntd »trike a casual ob*(*rver : in fact thev were purchased from the Oiitta- 
perrha Company a* one deacription t>f wirt*, y«*t the ri*siKtaiiee ol^ the ahortfr leiigthn a* compared 
w ith the Um>/cr is as 402 to 323 J If. then, calculating on the exix'rimental residU obtained from 
the former, the anine length of tiie latbT wire had been used in any proposed deniolitiou, the 
prrdtalile result would have Iteen total failure. 

The Inst column shows the proboble error in the aacertaine<l n‘»i*tance, which averages under 
one*half |xt cent. These reaulU nre more than suffieiently accurate for the purpose of tlie in<{uiry, 
though by no mean* so near a* it would he easily fmssible to attain, since it is within the enmpa** 
of an easy day’* work to ascertain the resistance of all these lengths to within ^Jjjth jar cent, of 
proboble error, and even to eliminate error altogi'ther. 

It wa* easy now to obtain tlie value of I, or the resistance of the liipiid stratum in any liattery, 
a* well as the proportional value of any electro*motive force. The exiK*rimental results with each 
battery examini*<l now follow, Is ing prefaces! with a description of the size nnd meclianical arrange- 
ment of each. Wanl hml. for the commencement of the invf*stigntion, that lottery of drove’* 
construction which was emplovwl in the demolition of Seafonl cliff in 1850. It was supplied to 
the Kiigintt'r Department at i\)rtamnuth os the liest form and description of voltaic implement 
known Oir the purpose, and thcrr*fore <leserve* a description to show how much such an instrument 
is camble of m<slifieHtion, wh»*n nHinireil solely for Wasting pur|swM*s. 

The Ijwttcry consistwi of ton cells, in each of which was suspended one plate of platinum, with 
two of zinc facing it. one on each side, at a distance of f of an inch: the exciting A>luti<m W-iug 
dilute sulphuric acid for the xinc in the pro|iorlioti of 1 of acid to 8 of water, nnd strong nitric acid 
for the platinum, the two acids l*eing separated hy a j»oron* earthenware diaphragm : the plates in 
action in each were two 9" x 7" of zinc, and one 0" y 6" of platinum: each cell rH|uiring 2J pints 
of dilute sulphuric acid, and | of a pint of nitric acid. It* weight when clinrgi-d was Id8 Iha., of 
which 40 Ihs. was due to solution ami 44 llw. to zine plate*. 

Knch cell tlien hn«l the jjoaer of eirculnting the staiidanl force required, tlmt is, a force capable 
of fusing thin win\ through a resistance of tliij turn* stnndanl measure. 

It was evhlent, on first sight of the instrument, that tin* tsittery would admit of considerable 
rnluction. if the prineijdes of Ohm** theory were correct : and that if the dtsianct* belwe<m zinc and 
platinum wb.h nnluced from J to | of an inch, one-half the weight of xinc ( = 22 lbs.) niul a cor- 
res|M»nding bulk of acid could Le dispensed with, without loasening in any degree the jiowerof 
each rell. With this consulcmtion in view, ami also wishing to romf«art* an arrangement on 
Grove's principle with one of Smee’s tmtU'riea, Waul Imd one of the former etuiatructed ^ilh 
twelve cells, two zinc plates 4" y 2" being in action in cwch cell, one on each side of a plati- 
num ulate 4" y 4" and at a distance from it of al«out | of an inch. The exjyrlmetiter aW> hwl 
the platinum plates |»latiniz(*l, the original obj«*ct of which wn* to work this itlenticnl Ijattciy 
a* a Smee, hy dis|)ensitig with the porous cell* and nitric acid: but thinking nrterw*ards that this 
might ajqy-ar to some as hanlly a fair trial of Sm<*c*B arrangement. Wan! aUmdonetl that id»*a, ami 
uiK'd th(>M‘ plalinizt’d platina plates in the Grove's arrangement tmly. It will he Sixm subnetpiently 
that platiniretl platina oppow><l to zinc gives a stronger arrangement than platinum only— a fact 
which wa* first noticed by Mc<?allnn. 

The investigRtinn w«* inP-mtiHl to find the power of the several voltaic combination* when 
excihal by onlinary ngeuta. that is, those which might rrndily be nbtiiinml : our author did not enter 
into an inquiry, except on special occasions which will be particularly noticed, a* to the degn*e 
of power attainable by the use of concentratcfl nitric acid, doubly-ricti^ed sutpluirie acitl, or *nch 
reagent* a* are difilcult or expensive to proenre, or <langeroua to handle : but r*»nfln«*il himself 
to tlu* task of ascertaining (he power attainable frrim ordinary, or what are termed c*>iumercial, 
acid*, which do not emit 5troes iiestructivo to health. 

The rule for ascertaining tlie merit* of any vnHaic eombination i* this. Arranging any number 
of cell* in series, ascertain the metallic resi*tance that can be comprised in the circuit which will 
permit one platinum wire to he fusexl. With the tame miml»er in ai'riea, ascertain the extent of 
eirruit which will admit of two platinum wirrw pinred aide by siiie in the galvanmnetar being 
fiutfd: and these two experimental result* may obtainid in five mimitc* at any time in the 
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fielil fig well M in the laliomtnry, with ingtramenU which ghould alwnyg nemmpany the bAttory, 
hy a Mingle oliscrvation of each rt?sult with a probable ermr not cxcafnliu;? two tunig; whilst by a 
rejM^tition of obgor^’ationa, all appnx'inble error cotiM, of course, Ihi eliroinati<d. In makinjj theae 
trials, it is not m>ctwMar>' tlmt the operator should hare any knowltHt^eof the iiietaUnr acids of 
which the voltaic arrangement is constitntod. The experiment will show him at once if the 
Wttery is tn bo trustrtl, and to what exb'nt, and, if any di-sarmnjrement has occurred, how many 
cella to wld to overcome the defect : indeed, the constancy and duration of the heat made apparent 
on the wire ia at once an infallible and really test of the value of Uie battery for explosive 
purpoaea. 

The dcraonstration ia as foIlowH: — Taking a cellg in a l>atterv whose elcctro-moUve force ia E, 
and rcaistance of liquid L,auppoHe a metallic reeiatanco w to be t^o extreme that can bo interposed 
and yet enablo a force to circulate that will cause the platinum wire to bo fused ; call this forre F, 

H K 


then the equation stands F = > 


Now, if the extreme metallic resistance, which wo will 


» li + «c * 

call «>*, is ascertaine<l which admits two identical wires, plaosl side by aide, to be fused, it ia 
evident tlmt the same force F must he {tassing along each win> at that moment, or a force of 2 F 
along botl) together ; and as the same quantity of elariric fluid must lie {sisKing through every jsirt 
of the circuit, tlie equation representing the conditions under which tlic ImthTy is working will be 

expressed by 2 F = ^ ^ ^ . Now, as tho uumeraUtr in Imth these expressions ia the same, for 

in both experiments the eame number of cells are used, the denominator in the last must bo one* 

tc — 2 (T* 

Imlf of tlmt of the first, or » L + w' = J {" L. + *) = — ♦ Tims the average rcsUtanco 

of n liquid atrata, or a L can bo obtained. The use of this valno of h will bo better understood 
when wo come to consider tho other numerical values in each case. 

Again, supfioso wo have two separate combinations of Imttery, say a Smoo and a Grove 
arrangement, of which it is desired to determine the comparative value of the elootro-motivo 
forces; lot the cleotro*motive force be K and K', liquid resistance L and L', and tho quantity of 
metallic cirrttit tlmt each will bear when n cells are combined, and yet permit the stau^rd force, 
which we will in future call a forco F, to circulate, be w and w'. I>ct the amounts v and tr' reuiiiro 
an increase or diminution = o and u'of metallic resistance when a force F'U required to circulate. 
Wc then have in the first rase, 

Smkk. Giovr. 8x». G»n\R. 

a E a E' j . 

hL+w hL+w »Ijd-if±a nL+«rd:a 


then of enurao E ; E' ns the sums of tho respective denominators in each case, but they arc 
also as the difTorencos of the denominators of their rt^spoctive fractiuus, that U to say, as u to <i', 
or K ; K' I r fl I a\ 

In all those observations the forces F and F' have been in tho ratio of 2 to 1, to simplify tho cal- 
culation ; and the equations under the conditions b<>camo 
P_ laE . p, „p 


which being rtsluced, for the purpose of determining L or the liquid resistance, gave 
12 li = w — 2 (tf ± a): and on these prineijiles Word took tho oKservations that follow, the num- 
ber of cells in series in all cases l»clng twelve. 

With the Grove's having plates, 4" x 4", of zinc, and platiniun in action in each cell. 


1. 

2 . 


The metallic rcsabtanco intorposablc for 12 cells, when one wire 1 ^ _ 775* turns 

was fused / “ * * 

With two wires or w — « » JViO* „ 


12 L = 775* — 701 = 74'5 turns ; the probable error in this value of 12 Ij, as calculated from 
the nature of tho nliservations, is ss 1*7 turn ; tlmt of 775* turns, similarly cnlculated, is equal to 
2 turns. 

Tlie electro-rnotivo force of this battery os compared with any other would lie the difference of 
these two obeervations in each cose, tlmt is to say, tho difference of tho denominators of the («qna> 
tions F and F', as U’fore stated. In tlie present case this is 775* — H50* =s 425, Imving a probable 
error of I *6. * 

The duration of the power of tliis hattorj'.or its oonatanry, as it ia eallwl, is deserving of notice. 
The results just given sliow iU energy alwmt an hour after cha^ng, at which time, tlic porous 
cells being well saturated, it may be considerr*! to have boon at its maximum. During the day 
it was experimented with sufficiently to fire 300 charges, and at tho end of seven hours the experi- 
ments above described were rtipeaUsl in the same order. No. 1 rave 7.53* turns; No. 2, 332*. from 
which 12 L s 88, and comparative value of K = 420*. Thus the resistance of the liquid had, as 
reganU itself, increased 18 per cent., and the electro-motive force 1 per cent. : but tho two together 
had reduced the available energy tho lottery from 775* to 753*. or not 3 |Kjr cent. This wm- 
stancy is readily attainable by carefully amalgamating the zinc plat^ before cliarging, an o|ieration 
occupying a few minntos; and it has teen found on this as well ns on other occasions that the bat- 
tery will continue sufficiently constant for all practical purposi?s feir a js-riod of twelve hours. Tho 
small loss of power noticeable here is prolmbly owing to the fact that it a*as always Ward's custom 
in charging the several batteries to mix tho sulphuric acid and water immediately Iwfore filling 
the oells ; this, as is well known, raises the temperature of the mixture above that previously sen- 
sible in cither of the liquids, and as the tem|>craturc is heightened the conducting power of the 


Digitized by Google 



54G 


BORING AND BLASTING. 


fmlutirm b inrreftM^l ; but this power diniinblios as the aolntion cools, which it f^lunllT docs. On 
the present occasion stilphurtc acid and water, each at 40® Fahrenheit, when mixtxl in the propor- 
tion of one lueaauro of acid to eight of water, gave a reaidting tcrniwrature of al>out 70®. 

When this battery is in its full strength, the amount of resistance commandt^i by 12 cells, that 
U, the amount of mctidlic resistance which ran bo add(<d to the circuit for each cell in series witlmot 
diminishing the value of the circulating force Ixdow the stamlanl neceswiry for fusion, is r- 775^ 
turns for the 12, or 04| for one cell : hut it will Ite remcnd>ere«l that the (loaer of one cell in the 
large Orove did not exceed 66^ turns, so tliat this small difference is the only lows a cell hy 
reducing the battery. In respjvt to the gain, the quATitity of nitric acid to charge each coll has 
l»een diminishfd from | to of a T»inl, and the <lilutc sulphuric acid from 2| to ^ of a pint. These 
two alone diminish the cost of chanring 10 c«dla from 7*. IW. to 2s. ; hut as this acid lasts only 
12 hours, while the others are available for 24. the comparative coat should stand as 7*. S'/, to 411. 
The weight of 10 csdls of this l»att*'ry when charged was only 27 lbs., wljile that of the large one 
WAS 108 lbs. The onst of construction was Itws than one-hnlf, and the cubical contents leas than 
8o that while but per cent, of power a cell has Wn lost, the gain has been 50 js-r cent, in 
prime cost, li»o same in working. COO per cent, in weight, and 700 jut cent, in bulk. 

Referring back, let us substitute in the equation F = “ ^bo value of a = 12, a L = 74J. 
12 F F E 

and « = 775t, and we h.vc F = 

utmost amount of realstance in standard measure tliat tfiis principle of battery will bear a cell, 
without ndiicing the amount of circulating force below the force capable of fusing the thin wire, 

K 

that is the force F, and in which ^ repn^mmts bow this totsU ivsifitancc is npiiortione<| 

5^ + b44^ 

Iwtween the liquid and metallic circuit, in this mrticulBr siiorl battery. But the KBme resulting 
force could bo obtained by a battery working unaer any of the following conditions, namely, — 

F = — 5 =“, [I] 

24} + 46 70}’ 

- E _ 

S5A + 35A 70}’ '■ J 


^ " Thj * wliich 70J represents the 

tliw 


70J + 0 ■ 


E 

7or 


[3] 


The first of these can be protluee«l by a diminution of the size of the plates from 4" x 4" of surface 
in action in each celt to 2"x 2“; and as this reduction of size would not diminish the {tower a cell 
30 percent., or fmm to 46, while it might rensonalily Itc expected tliat the ex|ieni(e of charging, 
weight, bulk, and cost of battery wouM be diminUbtd at least 100 {ter ccmt., this modified form is 
evUicntly preferable. 

Ko. 2 is. theondirallv speaking, the mo«t economical form under which any principle of liattery 
can work for the circulation of the force require!, which in this case is to fuse tlie pnrticnlur 
platinum wire that we have b<*en iLsing, that is, when the liquid resistance of each cell is equal to 
its available energy ; and in a Grove's combination the eX{>resHion rc{>n‘seiiU {tlah^s al>out 1 ‘60 in. 
square in each cell. 

The third expression represents a Itattery working under such conditions that if 1 000 cells were 
placed in aeries they would not liavo the {xtwer of circulating the force F througli a metallic circuit 
of 1 ft. 

Theoretically speaking, No. 2 is the most economicnl form of battenr ; but other considerations 
forbid its adoption. To obtain the {tower, the cell indicated by the exjuatitm, ench coinfiart- 
ment must candully filled to the to|>, as failing to do this by a quarter of an inch would sensibly 
diminisli the power a cell. Any deterioration in the strength of acid employwl would have the 
same efffot, and the whole quantity employed Iseing so smftU, it would deteriorate wmiii after tho 
battery was char^l. It will Ite actm tluit the acids use*! in tiie Grove, of which the zinc surfaces 
in action were 4'"x 4" in each cell, wore available for but 12 hftnra. while tliat in the UrgiT size 
was equAlly so for 24 hours. Reasoning from this, it omild then hnnlly be expoeVd tliat the small 
battery reproMcnted bv equation No. 2 would remain cfllcient for ono hour, or work economically 
for emo quarter of an Lour. 

One more condition of this equation deserves notice, namely, F = ^ This cannot prao- 

tically bo attained by any construction, for the liquid resistance must Ite an altsnlute quantity ; but 
it shows tlie im{tortniit fact tlmt hovevrr hrtje the |>latc<s of a Grove's eombinatioo. such as the one 
we have boon txmsidering. ore made, the force F could not circulate if in ck-A «dl was devdoiMd 
it'Nistance equivalent to 70]{ turns, while t\fo cells 2" X 2” can bear n resistance more than equal to 
this, and yet cirrulate the requireii force with cose : in other wonls, that for the circulation of tho 
force we require two {tain of plah^ in w^riea, each 2" x 2" in surface, which are more than equi- 
valent in force t> one plate even a mile sr|uarc. 

No, 1 arrangement Iiaviiig then lH!«n decided on as the best, a battery exactly similar to the 
former was made, but having zinc pintea 2" x 1" ovcr)np{>ing platinum 2" x 2"; the former facing 
the latter on each side, and thus giving a surface of each metal 2" x 2" in action in each compart- 
ment. This diminution in size {termitkd the zincs to be brought somewhat nearer ; and, iustend 
of being } of an in. from the platinum, tlic-y wen> -A. 

The experiments Nos. 1 and 2 were made with tuts battery, giving the following results ns the 
mean of eight observations of each : No. 1 s : No. 2 s i from which the comparativo 
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value of E = 40f),L, and the roBiKtanPO of 12 L = 245f : the prolMblo eirnr In enrh result l)einj 7 1 ’5* 
'I'he diminution of the oomiMmtive value of E fn»m 425 to 409 in nttrihutahle to the pliitiniziNl 
jilntiiium iMdng ujm'^I in the former ca»c, while onlinurj’ aheot platinum was omployr?il in thiit, ami 
not to a diminution of sue, whieh docM not influence K. The sum of tho resistances of the liquid 
in twelve cells had incremMNl fiDin 74*5 to 245f. 

Now, rememlx^rin^ that the plabs had been reduce*! to \ tlie size, but liwl been brought nearer 
in tho pro])ortimi of 5 to ti, calculation fmm tho first result would give the second 

o ’ 

whiliit M|ieriinent givea 245J. AMuming the value of 12 L = 215J or L = 2017, and that of le = 

= 47-65 ; the expreaeion P = atanda , ahowing that when 

the platinum In ruit ptatinieeti a (Jmve will bear a resistance of but C8 turns of standard mcasuro 
install of nmirly 71, os l>eforc, to Mich cell. 

Referring Wk to the hirg*’st Grove, namely, that with ziuc plates 0" x 7" and jdatinum 0” X 6”, 
wo may consider the area of tl»e mean w'Ction of the fluid on each side = 49^”, ana tho plates being 
I of an in. n{iart, facing tlie platinum on each side, the value of 12 L in this battery by calculation 

would Ixj — — s 24 nearly, or aljout 2 turns a cell ; and as tho available energy of tho 
hotter)’ is CdJ turns, the condition under which tho largest Grove circulates a fi»rce F is mimericHlIy 
expressible thus ; F s = , which, admitting cx[»criiuentAl error, is the same ex{>roiMion 

2 ^ oM j 

M that oldaiiied from plates but 2" wipuire: thus showing that incr«*asing the size of plnb's does not 
iuen^uie the eloctnvmotivo energy, that is the value of K, for the superior available energy of (56J 
turns in the largo (irovc is merelv due to the diminished resistance. 

This principle ha.s l»een estubiishwl, l)Olh by Ohm's thoo^ and experiments, and rcqnireil no 
further demonstration, except to bring the considemtion of it to special noli<X3 os materially affecting 
a part of the fnllnwing inquiry. 

The batteritw hitherto used, it will bo borne in mind, wero mmle with zinc plates op«r/<i/j/>ia 7 
the platinum plate, and fa*'ing it on each side. Thus the outer surface of the zinca was not directly 
op|Miw<l to any negative metal. To oscertniu if this p<»rtion did any work. Ward carefiillr covcnsl 
with a thick coaling of sealing-wax vaniish the ouU*r surfac<‘s, so that it was im{x>ssihle they couhl 
l»e actM on, and then tried on a sul>sfN|nent day the variation of K for 12 cells, lu corajnirwl with 
f*)rmer exp<Tinienta, bill he found no diminution of power. To make sure that this was not owing 
to any peculiarly gootl acid used on that day, ho removal tho vaniish from eaeh plate and reinserUHl 
them in tho same siolattons. Tho IwiUory was found sr>inewhal diminisheil in power, but very 
slightly, not more tlu*n 2 ctmt.. though if tlie outer surfaces hud been acting, it ought to havo 
incir-urti in j>oWer. This was pmlsibly owing to the longer tim«^ it had been in action. TIicjm 
trials ovideutly proved that no tumsible }x>wcr is olttained fmm the ouU r side of a plate, nr from 
any other surfaci.« that do not directly opjxwe each other ; for hwi there l»w’U 3 j»cr cent, of increase 
it would certainly have made itself appiutmt. It U not at all surprising that it should l»e so ; for, 
referring b> the principles of the action, the elcetro-raotivo force, that is, the affinity of tho zinc 
and liquid for each other, detx'nding on their nature, and not their eiunntity, cannot W increase*] : 
the amount of electric fluid thev can supply U unlimitcil, and controliesl solely by tJie resistance of 
the liquid to its tnuiHiuission. tliis msistanc*- varying directly ns tho ilistance Indween the plates ; 
and hence it seems in due eourst* that the whfde of tho supply should be ohtninal from the parts 
where it can be so done with the greatest facility, namely, fmm those which are msirest to or directly 
op|Hwing the platinum. 

The result, however, must not bo confounded with, or supposed contrary to. those obtained 
when tli«! zinc, being oppose*! on each side hy a negative metal, the battery is fouml to exhibit 
pvaler energy than wlum the copper or platinum, or wlmt**ver the negative nurtal may bo, is on oua 
side only; for here the zinc is directly opiKsaM by a negative metal on both sides, ami, of course, 
supplies elwtric fluid from each side, though the n**gativ« metal is. in this case, not working to 
the utmost advantage. The frud however marie evident, to wliatever cause attributable, was of 
great importanc**. as it ailmitted of the liattcry beiug much siniplifierl, of disiiensiiig witli many 
binding-screws and of much unstrrvic*whle metal, us well as of an economy of size and weight, and 
an increase of power, for the plabw could now l*e brought ncanT together. 

Adhering, then, to tho same sized plates, a diminution of which w-cmed of no practical ad- 
vantage, a hatt*>ry was coustruotitl with plates of zinc and platinum weUlwl together in the 
simple style that zinc and copi)«>r use*! to be arrangKl in, one of each pair being in a m’paratc c<‘Il, 
and the platinum Iminenu!*! m nitric acid i>eing, of c*>urae, Netsinde*l from the zinc of another 
couple imiuenK’*! in dilute sulphuric acid hy the pomtw «*11 containing it ami tho nitric acUi. A 
battery so made permitted tho plates to b« brought to an averago distance of little more than 
^ of an in. from each other, ancl by the simple contrivance of a litl, every pair and every ^rous 
ceil was kept in its place, and muid lie thus transmitted as ordinary liaggago by rail, without 
extra {lacking or precaution. Fig. 1156 represeuts one of these batteries of six plates, and the 
connecting metallic straps are so rtiprescnbxl as to explain the manner in which several of these 
batteries may be rombtmd together ; Fig. 1 157 represents a single jmir of plates. 

Six pairs of plates so arrange*! occupio*! a Ijox not exceetling 7" x 4" x 4", substantially made 
for u*«* m the fiehl, including binding-screws auri {>on>us c*dls; and the reason for this arrangement 
of six cells in one box will be afb’rwards explained. The result of the fusion of one and of two 
wires by twelve cells, or two box batteries of this arrangement, gave on one occasion. No. 1 = C5l, 
and No. 2 s 240J ; from which 12 L = and tho proportional value of K = 410J. 

2 K 2 
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Oil nnothpr o«««ion. No. 1 pare OH, and No. 2 rhvo 2.T0J, tibowin;; that the totol iwisteiipc 
12 L wn» now = but timt the value of K wim uuchaiiginl ; the varintion iu the reabtnuce I>eiDg 
duo to th« time at 
which tho experi- 
ments were roa(U\ os 
tlie incrcftso w^ pro- 
Iwhly owing to ft dif- 
ferent set of twelve 
having been osetl in 
each cftae. 

If wo ft<lopt the 
mean of thetie two, or 
12L = n4‘ft,LaHI 
may fairly l>e taken b» 
r»‘pre»ent the resistant of the liquid 
when the liath^ry is in its sirongoHi 
action, namely, for the first throe hours 
after it is charged. Also the ekfctro- 
motive force of a Grove Itattery «n- 
plfttinisod may be represent^*! by the 
numericol value 410, as on throe ac|Ki- 
rato occasions experiments have given it 
409A» and iiOf, that of a platiDix>l 
Grove being 425. 

To ascertain how much tho power 
of this Inttery diminished when left 
charg^ the same exiKTiraonts wore ro- 
after six honrs, and No. 1 was 
then foimd = 481}, and No. 2 — 1041^; 
giving E = ^0, and 12 h ^ 2754. Thus 
the cloctn^motivo force had diminished 7 per cent, and the liquid resistance had increns(<<I 35 {ter 
cent. Those two circuniKtanceM combining, diininishcvi tlie available euergy of the ItatU’ry a celt 

from ss 53| to - ^ 40 j. or alwnt 25 per cent. 

12 12 

For the first two or three honrs the conditions under which the force F cireulatea in tho 
K K 

Imtttfry is expressed by F = — .^." 5 4 ' ~ ' which ex{>rp»»es that each cell commands a nisist- 

ance, or has an available energy siifflcieiit to overcome a resistance, equivalent to 54 turns of 
stnmlard wire. At six hours after cimrging, this dtmmand had decreas 4 <d to 40| a cell, for tho 


battery then workwl under conditions expressed by F « - 


E 

G34 


The ilenouiinators 


23-P40J 

C 8 J and G4J denoting the comparative strength of the eloctro-motive force at the two perioils. 
This, then, is believed to be the most convenient form, sixe, and arrangement, for a drove Uittery 

intcndid for the explosion of powder; for though on looking at tho numerical value of L -f it 

ft 

mav seem tliat the size of tlm phitos could yet bo reduced, it must bo home in mind that, though 
E K 

rt forces expressed by and are sufficient at their respective periods for fusing tho 

platinum wire when in the galvanometer, a still greater force will bo necessary for the same fusion 
when that wire U snrroundid by powder. A small {>!atinum wire, not excmling ‘0056 of an in. 
in dinmeter, in contact with any substance, must be subject to a great alwtmction ol‘ heat; but 
how much thift is Wanl was not able accurately to dtdermiue, though supitusiog, as he believed to 

be the rase, that about ono-third is tlius withdrawn, and ' would more nearly represent the 

45 42 


force required to circulate, uniler such circumstances, to produce fusion, giving 46— 14J, or Hl|, 
and 42 — 23, or 19. ns the available energ)' t«i t'ach wdl. Again, if a numl»er of chargea in a rinniil 
are to be fire«l, a still gn^ater amount of cirmlnting force is desirable to ensure success, and over- 
come hinall differrncfw in the lengths of the several platinum wires. Sometimes also a thicker 
platinum wire may be employed, which would rtijuire greater ]H)Wcr to futa*. For all these 
reasrma any further r«'duction ia unadvioahle. 

Having thus decided that the size, form, ond arrangement just describwl were the most con- 
venitmt for a <»rove lottery, when required for the pur^sMua of exploding |H»wder. Ward proettHletl 
to Bocertam what increase of power he nmld obtain from it by using first conwmtmted nitric acid, 
speeifip gravity 1 ‘500, and tlicn a mixture of onncentratwl nitric and sulphuric acids, iu c«iual pro- 
portions. 

With the former, No. 1 exiKiriment gave 701. 
o ,, No. 2 „ „ 262. 


From which 12 L was found = 177. ond tho comparative value of E = 439; and he therefore 
concluded that concc;ntreted nitric acid, nsed In pla(^‘ of the commercial acid, increases the electro- 
motive energy of the battery about 7 per cent., but has no influence on the resiatunce of the 
liquifU, 

The mixture of coneenlratcd nitric acid with sulphuric acid, in equal proportion^ has for its 
object tlie sinmgtheiiing of the former ; as the sulphuric add, from ihi powerful ufUnity for water. 
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withdmwg thHt, which im o»«8ontiiil for the prcscnmtion of nitric acid in iU liquid state. A combi- 
Tintioii uf tlui sulphuric acid with the smnll quimtity of water it finds disci)gii|i;iis also n very 
amotint of lu*at, and the ntixture gives fiirth copious fumes of nitric oeid^ which are destructive to 
health : the liquid at the sium' time in any luit practised liands Uung dniigcrous to handle. It is 
dcsimhle therefore that such a mixture shouhl never bo applied in the fiedd, or lie put into 
unskilful hands. Its effect in giving energy to the liattcry wiu* however tried, and the n'sult was 
tliat at first, while the acid was warm, it Lnd the effect of reducing the n-sistanceof the liquid, 
hut gxive no appnciablo incnaiso of ebclro-tnotivo force. Wh«-n the whole hud falleu to tlie 
onliitary siirrouuding tenqs>mture, all extra {jower haul \'aiiished. The employment of ronctm- 
tndol nitric acid alone gave an increase of ekctro-iuolive energy of but 7 {cr rent, to eacli cell alsivo 
that when common acid was us»sl. The price of the former is about three times that of the latter, 
and its fumes are deleterious, while the lattCT hardly emits a!»y. Word therefore considers it 
uum«i‘s«irv U) employ these extraonlinary nwcents in any case, especially when any inferiority of 
js)wcr can be rom{H‘nsat€>d by a prr>j)ortional addition of cells. 

It may be as well, before leaving the t»rove principle, h> show how much the original l»ttcr)’ was 
suwTiitibii: of impnjvement for our jiarticular object, and to do this onr cxpenineukT has arranged, 
side by side, the exi>cnses of keeping each charged during 24 hours, so as to be able at any tinio 
during that |>orioil to fire one charge through conducting wires weighing almiit 250 grains a yartl, 
at the distance of half a mile, assuming wtiat his ex|MTiments have shown must be about tho 
truth, namely, that wheu allowanco is mmle for tiic coidiiig effect of the (x>wder, a |)ower repre- 

seuted by will fire instantaneously one charge, with platinum wire }'* lung, and weighing 


1 ‘GO grain a yard. 

Price of acids (used to charge) . . 
Weight of apparatus charged 

Size of ap|simtus 

Cost of „ 


Isrgr. 

17*. O'/. 

fisSG^ lbs. 

(5 cub. ft. 
4G guineas 


Small 
7$. Gil. 

3Gj lbs. 
i cub. ft. 
under 10/. 


Tho inquiry into the power of Grr»vo's principle of voltaic combination has been given in some 
detail, to show the mode of procee<ling, and the coiiclusifii to be drawn fw>m experiment. 

Ih-nring iu mind that the size of the plates has do infiuence on the electn>motive force, and 
tlmt any dliiunution of thciu nxakes itself apparent only by an increase of the resistance of tho 
liquid reaction, it will bo se«'n tlmt it was easy to obtain the elcctnvmotive energy of auy 
particular arrangement, by simply altering the metals and exciting solutions. Thus, if cast iron 
was sui>stitutcd for platinum, and experimental ivsults 1 and 2 oblaintd, we have a complete 
knowledge of tho electn>“motivo energy of one of 3IcCallnu’s batteries, and also its resistance vhm 
uuute of thtit »ite. The former numerical result would stand true under any arrangement of cells 
and plates, and from the latter the liquid resistance of any arrangement could bo dixluettl suffi- 
ciently near for oil practical purj)OBCH. 

With Daniell’s battery wo have but to substitute copper for platinum, and sulphuric acid and 
copper, in the proportions recommended by M'ard, for nitric acid, and we could obtain its |)ow<*r 
umler ev«‘rj' oomlitiou, and so on with any other wmibination. First, with respect to Daniell's 
arrangement, the meUds were zinc and c<»pper : and the solutions dilute sulphuric acid, in the pro- 
|>ortif>u of one of acid and eight of water for the zinc, and a saturated wdution of sulplinte of copper 
in dilute sulphuric acid, of the same strength, with the copper; the two solutions being kept apart 
by a (>orou8 diaphragm, whilst the tem|H^raturc and conditions under which the trials were nuulu 
wen* similar to those to which Grove’s principle hwl been subjfcte<l. 

The electromotive force as compared with Grove’s was as 2lV> to 410, though, as these results 
were somewhat Imstily obtained, wc do not submit them as wholly accurate ; and the resistance of 
the liquid of 12 cells 2” X 2" was 242} turns, Grove’s haviug been found to have 174} at the first 
hour, and 275} at the end of six hours. 

Daniell’s battery has the advantage of greater constancy, its lajuid resistance, while tho 
8ul}>luit<’ of copjicr is kept antiuatetl. remaining tho same at the same h‘mpemture. On the other 
hand, difference of temperature has considerahle infiuence on the success of tho batter)-, owing in 
a groat mcasTU'c to the variation of the resistance of the liqukl; the dilute acid at a high tempe- 
rature taking up nmre sulphate, which, as the mixture cools, crystnllizes in the |)ores of the 
diaphmgm. and thus increaM^ the rosistann* and diminishes tho energy of the battery. 

Ward did not test what difference is due to changt*« of ti’mj>eratun‘, for a DanioU’s arrangement 
Wing more? complicated than (imve’s, it was but neew^ary to compare them under ordinary con- 
ditious of tempemturo to determine their relativo merits in tho field, where means for raising an 
artificial heat miiiiot be generally Btv<*H»ible. 

(irove's battery is not so infiucucL‘d by changes of temperature; tlmt indicaWl by W* Falir. 
Wing iu all com^s sufficient, and su|a’rittr this can always be obtained by mixing the sulphurio 
acid and water just prtrvioiw to charging the cells, 

A trial was made to form an idi-a what differr'nco of |towcr would result if a saturated solution 
of Milphab* of cop|)er in water was umhI in preference to the same in dilute snlphuric acid. Tho 
chvtnvnHdivc fonv showeil an inert-iase of pow'or tlirmiglunil tho day fn»m 235 to 242 ; but the re- 
sistance of 12 cells 2" X 2" at the romiuencement whs Gdr>^, or nearly 2^ ss much as in tho former 
case. The latter, however, diminishetl during the day, owing tf> the m«re intimate mixture of tho 
two solutions through jioruus cvdls, tho batUTy cons«.*()Uontiy increasing in energy, and at the end 
of six hours it sfissi at 402 turns. 

'rhe solution, ns reeommendeil bv l>aniell gave the Htmnger energy, the rrsi-stance of the 
liquid of 12 cells Wing aWiit 248, mai the available energy the cell »sjnal to about 10 turns. 

The comlUtoti, llien, under which a battery having surfaces of zinc and copper 2" x 2" 
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in action- at ^ of an in. apart, atanda, ia thia: F = 


20i^ = ; »nd a. bom tbo valua 


of is pt'At^r Umn tr, it in c'vidont that such q size of plaUv is disadvantageous for a Dauicirs 


afranjiojuent. 

The amount of negative mctnl in thin batterj* U that comprised in n hollow cylinder of copper 

in. diameter, end varyiiiR in height according to the power desired. 8uspendwl in the centre is 
a zinc rod. that etaidoyoil at Chatham bedng } of an in. in diameter and *i0 in. high. If, then, wo 
take fur the area of Uie mimn section of the fluid the Kurface of a cyliiuler 20" high and I" din> 
uu-ter, being the mean of the diaineh'ra of the zinc and wipjHT oyIin«l«*rs, we shall have a total 
area of mNirly 134 in., at a distaT>ce pf y of an in.: hut it lias been found above that a surface 
of 4" at a ilistanw of about ^ of an in, opposes a resistance of 20J. and hence a surface of 131 in. 
at a dihtnnc’c of y of an in. would op|ioao n rt^Utanre of 2^, h>aving an nvaihihie energy = 
HyJ — 2^ = the cell, when j)ormw earthenware is employwl as the intcr>cning dinplrnigm. 

Danicll. however, remarks that ox*giillet opposes leas resistance than c<irthenware ; and if wo 
assume the resistance to be diminished by this sulistitutiou to Ij turn the cell, it will l>e giving 
the battery every wlvantag** ; and then the nvailahle energy to each rell will b<« 37# turns for firing 
the small platinum wire when placed in tlie galvanometer : or allowing, as wc diil ticfore, that one- 
thinl greater force is required to fuse it when in contact with powder, the available energy a cell 
w ilt be to 2<5 turns. 

Siip|>of>ing. then, that the Ihiniell’a Italtery, of the arrangement desrrilicd by its author and the 
size above specified, is required to i>« ap]dic<l to the explosion of a mine, its power the cell, ns com- 
l»ansl with the small Grove, would be aliont ns 25 to 32, or 3 to 4 nearly. Now, the weight of 
lOcylimU’ia of IMniidPs Iwttery chargctl is IS7 Ujs., whereas 10 wdls of Grove’s do not weigh 8 lbs. ; 
and further, the I>oniell is much more complicate*! in its arrangement. 

McCnllnn's plan of snWtituting cast iron for platinum was triiNl. The electromotive force 
mornisl to lie aUnit the snin<‘ ns in the (*rove’s: Imt ns it wddom remaineil constant, owing to tho 
dilution of the nitric arid ami deslrurtinti of the iron, it was not ensv to detemiine it w ith accuracy. 
It ofcillatod ladwecn 408 ami 413, that of Grove’s being 410. The resistance also of the liquid 
being nt the coiumonoement the same ns in the Grove’s, it might seem that iron, lieing cheaper, 
could l»e advantageously sul»htitnled for platinum : there are, however, some material objections 
to the suliftitiition. The nitric acid destrovs the iron during the wlwle jicrind that the Imth'ry is 
kept charged, ami the more ho ns the acid gets dilutcil, forming a solution of nitrate of iron in 
nitric acid, and tlins is every moment detcriomting its own fsiwer of al>»orbing hydrogen, tho 
battel^- c«»nwx|uenllv falling in energy. The nitrate of iron also intpregnates the porous cidis; ami 
in dismantling the IwthTy it is nec<“ssary to sojik them for some Ixmrs in water, io lie fre«niently 
changc'd, before {icrmitting them h> dry, otherwise the iron salt crystallizing in the ctdis will crack 
the earthenware. In addition to this, the action of the nitric»acid on the iron is fs*>metim«» so great 
as to eunsc the acid to boil over, nicessitating a rt arrongi ment of cells. 

All thia tmuhle and tinr< rtainty is disjienswl w ith hy the use of platinum, which is uninfluenced 
hy the acid : and, though tho first cost of a platinum battery is much greater, in the cud it w ill be 
fouml both cheaper and more efficacious. 

The sulmtitntiou of a satumted solution of nitre and sulphuric acid in equal pm{K>rtion was 
trie*! with the liattery of McCnllnn. This also is a most Iroubleaoine arrangement; it is very 
inconstant, so much so, indeed, ae to be quite unMiiUd for circulatiDg energetic currents ; it is con- 
tinually boiling over, and however well it niay answer for experimental reaL'arvhcM in a iaiHiratory, 
it should never U* tnisted for the explosion of mines. Its cu-ctru-motive energy varies a<rcmling 
to the amount of force require*! to circulate : but for the <|U«ntily necessary to fuse the platinum 
wire it never exceod*d | of Grove’s, and onlv came tin to that occasionallv. The object of thia 
snlwtitution of nitre for nitric acid is statwl by McCallan to lie economy: liut it Ims been shown 
that Grove's battery con l»e kept charged at a cost of A of a j>eiiny a cell an hour. 

If. hnaover, nitre could have been truste*! to excite a nattery, even in an inferior degree, its appli- 
cation would have bc<-n worthy of further inquiry, as it might Kiroetimee hnp]H'n in the field that the 
supply of nitric acid should fail : but so long as gunfiowder remained in store then* could U? no 
difficulty in obtaining a suitable solution of nitre, by simply boiling up |x>wder and filtering it 
through blotting |«pcr. The application of this ingrfdi*ml however, as we have before said, gives 
very precarious anti uncertain results, and should never bo resorted to by any but those who have 
hoti long practical acquaintance with voltaic phenomena. 

We now come to another elnss of liatteries, mimclv, those in which but one kind of solution is 
employed, the use and complication of porous cells Wliig thustlisjMTistd with. It was on this prin- 
ciple that the voltaic Isittery known by the name of Wollnstturs liatteiy was coiistrucUd. Tho 
defects in its mode of action, which have l>ecn explained in the first |i«rt of this |«|H‘r, sugg<s.t(d 
the rmpinymeut of either cast or wrought iron os a substitute for copp<T: the rough surface thiu 
prewntcti to the evolving hydrogen favouring its esca|ie. I^ul»s4sjuently Smee substitute*! plati- 
nized silver, that is, silver <iu which tho black jiowder of platinum had lsa>n previously thrown 
down, thus pru'seuting an infinity of small |»oints to aid the escape of the gas. 

I’rolmhly for the cireiilntion <if currents of inferior energy, such na are suitable for elcctnv 
plating, the operation of a Smee may l>c jierfect, atwl n«i olislruction occur by tho detention of the 
gus ; hut when a force ne<X‘S8ary fur fusing plntiumn wire is rctpiireil, the quantity of gas gene- 
rated is by no moans satisfactorily evolved. In fact, the battery, os it were*, chokes itself by its 
own exertions: and if Ihrc-e or four successive demands are made upon it in the course of a few 
secoo<ls. its iMiwer of igniting platinum wire entirely disap|M>ars,— nor does it return till tho cells 
have been nllowed to rest, and thus set free the hydrogen, 

Tlie Imttery from which thitse experimental results were obtainc*! was identical in*sizc and 
construction with the secodd-siz«l Grove bt?fore deocribed, which was made similar to this for the 
puf{)Osc of ascertaining their comparative merits. 
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The electro-motive force of Hmoc’a bottery. ftsoertainwl when it waa acting under the moat 
fnvntinihle comditiuna, wan, aa eom|Ntred with tirove’a, llti to 410, ntid the reMiMtanco of the liimid 
utratuin of 12 eell« = S.*! : that of a tJrove of the same »ix»* havinp l»een found U) bo 74 The 
available energy of 12 cells of tiiia size = 197 turns. The c«|Untion then the condi- 

tion under which thia priuctple of batU«ry circulates a force K would bu repreaented by 

that is, each cell has a command over K>| luma of standard wire when a force sufficient for fusing 
platinum w ire in tlie gah'anometer is rcxiuired ; and as ^ greater force = uecosaary for {uxxluciug 

the same result when in contact with pcwihir, the command would be diminished to alxjut 10 turns 
a cell; a (irove of the same size commawlmg almut 40 turns a cell; and a Urove | the size 
about 30 turns a coll, which shows clearly at what ex{)ciise (even sup|»using Siuee’s prtncijile 
cafttblo of being trust«>d for tmergutic action) we obtain simplicity of arrangement, and dispense 
with tiie use of a second acid. The size iiml form of the Since with which the experiments were 
mmie arc the must imnvenicnt if a Since must be used for the explosion of powder, nanu ly, a sur- 
face of metal = 4*'x 4” in each cell. And yet three jiairs of this are but eipial to one of a Grove, 
whose cells arc but 1 the sixt*. 

As the Sraec is superior in every way to the AVollaston and to the zinc and iron Lottery men- 
tioned above, it was of no use tu examine the res|)cctive merits of Utu two latter forms of voltaic 
npisiratiis. One form of Isittery, however, remains to bo examined, namidy, that of Dalgleish. 
Its principle of action has \t€cn before noticwl. It cmisists of an arrangement of 12 platinum cups 
1 of an in. diitmoter and 2" deo|\ over wliicli are Hus|>euded, attached to a bar, 12 cylinders of zino 
in diameter. The Isittery is elmrgiHl very readily by putting into trach cup 1 of an oum^ of nitric 
acid. At the moment voltaic action is re<iuirf^l, a pressure of the Imnd on the Isir immerses each 
zinc in its own cup to a depth of l| in., and at the same time completes tlie usuid connections, 
cniisiug un imiuedinte and energetic action. The withdrawal of the hand allows the zinc to be 
reiuovfil from destniction by the elastic Ijands. 

The electro-motive force of tills battery ns compared with Grove's, using the same nitric acid 
in <>«ch, was as 344 to 410, and tJie resistance of tite liquid stratum of 12 cells = 60 turns, or 5^ 
turns a cell. The available energy of 12ci'lls ^ 022 turns or 51^ a ceil. The equation tlien 

representing the circulation of a force F sb)od F = » from which it will be seen 

* * 5^-1-511 57i 

that while thin battery ia hut little inferior to (•rove’s in electro-motive energy, it bos an advan- 
tage over it. in ttmt its liquitl stratum op^M^s much less rcsistauce in pn>porti«m to its sevtion, 
this Iteing due to tiie absence of Grove’s diaphragms. 

Also in looking at the value of L ns ooiiqHired with w, it acems as if this battery conld bo 
ailvanlagoously n*(iucod in size. The mechanical arrangements of the battery, which an> somo- 
whnt cftmp}icntt<d, seem crowded even now into as smnU a space ns they can well be put with 
rnfety : and any dimiimtton of csdls that could be made would sensiblv increase the portability of 
the battery, as the zinc and platinum comprise hut a small part of the actual bulk. The siuidl 
resistance of liquid in each «*I1 is fiartly obtained by the extreme contiguity f»f the zinc cylinders 
to the inner surface of the platinum cups, the distance being but 1^ of an in., and partly to the 
absence of porous c^Us. The successive wi*ar and tear of tlio zinc will tend to increase the value 
of L, and diminish v. The advantages, then, of the Dalgleish principle are the siiuulicity gained 
by tiie use of only one achl, thus dispensing with the neressity for.jioroiis cells, and the extremo 
rcHdin«‘8s with which it can be chargwl for action : it is, however, more amipliraled than Grove’s 
in its mechanical arrangements, which require skilh'd laixmr of a higher degree than could gene- 
rally he met with in the held to cflect repatni. It is also more liable to bcdi^agod by cnrelessueBS 
or accident, as it pnwemts more aiwailable {M»ints. 

The jiower <*f each battery, taken in conducting wire of 250 grains a yd., wliich, for reasons 
presently to be given, we have taken ns the best conducting iiudium for general service, would 
enable one charge to Iks firwl very readily nt a distance of 250 yds,, or in a circuit of 500 ; and if 
the rciiuiremenis fd" a Imttcry were limiter] to thU, we should, where rough handling was not to 
bo cxpi'ctod, prefer Dalgleish’s battery to Grove's; but wi service we presume far greater circuits 
will nccAsionaUy require to lie overcome ; if, for instance, a mine has to be exploded at a distance 
of half a mile, alxml J48 or 40 cells of each would be reiiuired to be plaoerl in series, and then 
the arrangement of elastic bands and of the development rrf electric excitement by pressure of the 
hand becomes somewhat trrmblesoine. The Grove is also more pr^rfi-ct in its chemical action, as 
the hvdrogtrn set fr**e by the decomjsisition of the water is immediatrdv absnrbetl by the nitric acid ; 
ami die coiuM-Hinence is that as erxin as the circuit is mnipleti'nl wo o)>tain the whole power of tho 
Inttery. In Dalgleish’s arranj^cinont the power visibly increasi^s after the immersion of tho ziocs, 
probably owing in part to the h<«t occasioned by the intense action of the nitric acid on the zinc. 
This property of the Ijattery is detrimental to Aring a nuinlier of charges simultanemuly in a cir- 
cuit, and can only be overcome by immersing the zinc cylinders first, and then making cnnnecthm 
with the poles. These points will present themselves with greater force to any one ojieratiDg with 
tiie two batteries than they can be exi^eotiKl to do in any description on paper. 

The actual cost of constructing the two ilcscriptions of liatteriea will depend in a great meaauni 
on the prio! of the platinum, which is by far the heaviest item in each, (irove’s Iwttery hitherto, 
to save ex]K;nse, has been matle with platinum foil. Ward, however, prefers employing sheet 
jilaiiniim, of about 120 to 1^10 oz. to the lUfK’rficial ft., for the negative. Whether foil or sheet platinum 
IS used makes no apparent difference in the energy of the combination ; but as the former is liable 
to tear, it would in the cml be no economy to use it. 
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The approximate estimate of the coat of 12 ceUa of each dceeriptiem of Orore’e battery, and 
tliat of DoIgleiHira, ia as follows : — 

riiiUnum-foU linttery . — | ox. of platinum foil, cells, troughs, zincs, and fittings, 3/. 2 j. 8d. 

SKffi-pl'ttinHm /fci«ccy.— 3'63 oz, platinum, celU, and so on, 7/. 2#. 

lhUgUi$h'$ Bntterg.—^b sXi OZ. platinum, i oz. pure gold, zinca, castings, and fittings, 17/. 10*. 

Comparing the two Grove's, though the second is more than twice the cost of the first, it will 
prove more economical on service, when It is considered that 5/. worth nearly of mah^riul out 
of 7/. 2«. worth, IS, with ortliimrv care, absolutely imlcstructible. Dalglcish’s l»att»?ry cannot cost 
less tlian 17/. 10*. for 12 cells, t)io arrangoments miuiriiig also more tlian orilinary skilled lnl>our 
to cnmplpte. Assuming, then, the (trove’s sheet-platinum lottery to be on the whole more ettmo- 
iiiical. Its cost a cell, as com|Arcd with DalgleUli’s, is about 1 to 2jJ. The cubical space which they 
resjujctively occupy is as follows : — 

12 cells of Grove’s (in two box batteries) = U” x 4" x 4" = 224 inches. 

„ LHdglcish's = 111" ^ « 

Their comnarative weights when empty arc, (ttovc’s 8 lbs., Dalgleish’s 10^ lbs. ; the latter, how- 
ever, would not rct^nire two-thirds of the wciglit of acid to be carried with it on service, and that 
only of one description ; and though these differences may ap|x^r iiisignificunt, they will not seem 
so when the quantity of avaHable energy required in the field oomes to be considered. 

Assuming, ns a basis of comimrison, that it would lx? desirable to have always a i>owpr avail- 
able for firing one charge at the distance of half a mile, through the conducting medium and with 
the bursting charge which has been sejocted : and also ttiat the same number of spare cells should 
Itc kept at hand to n'place those fracturwl or undergoing repair; the following statements will 
show the approximate Cost, weight, bulk, and other jiarticulars in each case : — 

Orotk's. Dalrlruii'a. 

Cost of construction of batteries .. 51/. .. .. 110/. 

Weight of batteries .. 54 lbs. .. .. 70 lbs. 

Bulk of „ 1400 cub. in, .. .« 2800 cub. in. 

We call attention to the extreme ingenuity disjilaycxl in the arrangements adopted by Dnigleisli, 
t<> carry out his principle fur pn>ducing voltaic action, as, for example, in the ready method ejf 
withdrawing the zinc cylinders from the attack of a ma«t destructive acid, and in the plan 
of making the (vmnt-ction of the several cells, which is most original, and cannot be done jiistico 
to by any dewriution, llo combines metals and adds, so as to prrxluce a high degree of voltaio 
energy by a moife that may htf considered pt'ifect ; and though, on the whole, his lottery, as sub- 
mitted, is not so |>crfoct in its voltaic action as Grove’s, is more sensible to rough usage, and for 
those as well as the other reasons stated, not so applicabh; to o|ierntionM in the field, yet it so 
suritnsses the liatteries of every other principle, as to entitle the inventor sjiecinl thanks for the 
successful application of a principle wuieh it has never before been consider^ possible to turn to 
account. 

To close the inquiry into the motive power, the following, as far as exp<*riincnts maile with 
some haste tend to prove, are the (Xiiuparativc elcctro-motlvc forces of the several principles Ward 
examined > 

Grove, 410; Daniell, 235 ; Smee, 116; McCallan, 410; Dalglcish, 344. 

The zinc, iron, and nitric-acid Ixittcrj’ is that intendwl by McCallan’s. 

Or, if we take K to represent the absolute elt'ctro-motive energy of Sinee’s, 


3'54 E = Grove’s; 2 E = Danicll's; 3’54 E a McCallan’s; 2*1>8 E = Ibilgleish’s. 

E 

Now, the mechanical equivalent for producing fusion in Smee’s was found to bo -riTT*, from 

I JJ 

which the several expressions for the other Uitteries may be deduced. 

(knuiuctin^f Wirt». — With respect to the conducting wires, two factors are concerned in the 
jiowcr of resistance of any one length to the circulation of the cummt, namely, thn metal of which 
It is comnoBcd, and the area of the section ; the naistanco varying diri'ctly as the specific rcaist- 
mico of the metal, and inversely as the seetionsl area. 

Copper, it baa long since been decided, is the metal whose specific resistance, where economy 
is taken into aroniint. is the least ; and it only remained to decide the area of the section, or tho 
diameter of wire to be used. 

Now, considering that by increasing tho number of plates in series we are able to overcome any 
amount of resistance, it is os well to reduce the diameter of Uie conducting medium till the valuo 


of the copper wire destroyed (some |K>rtion must always be ex|H>nded in an explosion) is reduet'd 
to a comparatively insignificant quantity, that is to say, such as Wf)uhl aixtut Ixilance Uie destruc- 
tion of zinc and consumption of acid necessary to overcome the resistance oonBerjuent on a still 
further diminution. 


The <tntta*iien'ha Company snpplit*! copper wire covcreil with gutta-percha, at prices from 
0/. to 21/. a mile, the difference l»eing due wWr'/y to the greater or Uwji quantity of gutta-percha 
covering, and not at all to the weight of copper fumislied. The thickest of these averaged alxiut 
250 grains a yard, tho smallest about lt>0 grains. As the former was, of course, the au]>erior 
conductor, was equally portable, and of no grmter expense thau tho smaller size, it may be the 
best size for a conducting medium. It is al»nut of an in. diameter. 

This aizid wire when covered with gutta-pereha is very flexible, and can l*e easily coiled on a 
reel ; two miles in length would easily pack in a cubic yard : its conducting |xiw(ir roughly stated 
is such that 14 yd. of it would 1)C ei|uivalent in resistance to one turn of the rheostat wire, ami 
making this allowance, the mettsurcs before stated can be easily reduced to cn^rresponding lengths 
in this wire. 
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The ilcffrno of covering roi]uiml t<» ciwtire |»crfi>ct acthm ilei>cnihj on the nature of the ex- 
plosion requirul : if an explosion is be made under water, when ouiv one wire Im rei|iured for 
ctmipli'ting the circuit, the most |»erfcct covering is desirable, and the cost of the wire so covered 
would be ’2lf. a mile: but for any explosion on lami, where a return wire is always necessary, that 
sohl at SI/., 10/., and U/. a mile is suilicicntly isolated, esp«'ially if the wires k-^iug to Uie mine 
an? not burie<l under tiie grounil, or, if buried, kept as far ajsirt'us jtfwsihle. In no case would we 
nxH)mmenil lapping the wires, hsuling to and returning fiom the mine, side by side, os has 
hitherto geuemlly Ikh^h done, for whnU'Ver advantage the practice may {iomm'hs. the chances of 
failure in C(»nscM|uence are n;any. If, for instance, in burying it tlic sj*ade by rham'o shouM lay 
liarc the surface of one, it would probably also do the Huue with ti>e other wire; or, again, if 
from extrmtrdinary heiit the gutta-|icrcha shr>uld get soft, which it w'U) do at a temperaturt? 
of alxuit 100" Fahr., a twist in the rope may bring the two wires to^Uier, and the wncring 
afterwards hardening would prevent their seporution ; and, above all. if a fracture should take 
place it would Ite very diAicult to find on which wire and when^aliouts it had occurred. 

(iutta-)M‘rrha is the Umt covering for the conducting nicdium, as it is the only means by which 
perfect isrdation can be obtained umlcr every circumstanco. 

liurstituj C%uyc$. — There an* two descriptions of bursting charges l»efore the scientific world, 
one of which has Ihx'U long in use, and in which a thin platinum wire, foniiing |*art of the circuit, 
is brought to such a heat as to ignite the surrounding powder; and another, the invention of 
Mr. llninton. The com{iany with whom this gentlciuan w‘as rounectc«l hud been in the habit 
of what is familiarly enlle*! vulctmizing tlm gulta-iiercha which covered the wire, to render 
it pliable even in tlie coldest temperature, and this led to the discovery of tlie fuze in question. 
By the vulcanizing process, sulphur and carbon become ineorpomttd with the gutta-]H*rcha in a 
manner, so to s]K*nk, alinont clicmically |Mirfoct. 'Diese two act on the encloee<i copper wire, and 
in proci^ss of time produce on its surface a species of sulphide, portions of which, when the wire is 
witiulrawn, remain ailheriug to the inner surface of the gutta-percha covering. This inner 
surface, which l>efnre was simply gutta-pcndia, and therefore a non-conductor, has now a feeble 
|K)wer of conduction given to it by means of the minute particles of sulphide of cop))cr and carbon. 
The conducting power is however very feeble, and st^emingly in no two {Motions the same; hut 
whatever the amount of reslKtHUro may Ih>, if it can be overcome sufficiently to circulotc such a 
foit^> as will ignite tlie sulphur and carbon, the desired effect is obtaimd. 

That the degree of hc*at, or what is generally temud quantity, rojiuircd for this need not bo 
anytliiug apjiniuchtng to that for fusing a platinum wire, may U? easily coucelvcd, if we conqiarc 
phktiunm, which no amount of hiat from a smith's forge will melt, aiul the elements sulphur ami 
OifUtn, which are combustible at moderate temperatures ; yet that the degree of resistance they 
ofier to the )Nissagu of the current must bt* great, may bo judgid, when it is statid that 48 
and even more sometimes, of Grove’s rtduc^l battery are reqiiind to inflame them close to the. 
IntU ry. These same 48 cells would explrdo* a mine, by means of the platinum fuze, at a distance 
of J of a mile very readily. 

In order, however, to cause any sensible current to pass through these sulphides, it is necessary 
to close all other channels of ouiimunieation, that is, to br(*ak the circuit of the cop|>er wires; 
then, with a suQicieiicy of power to overcome the rt'sistauee, a cmuhustioa with |K)w*dcr in eoiitact 
will pnxluee the desired explosion ; and on this principle the bursting charge is made, a port of 
the cumw?r circuit being brtikcu and the suiphuxet surrounding that jiart being laid bare ami 
covered with jtowder. 

Here, then, we liave two modes of igniting powder at a distance, namely, by tlio fiisiim of 
platinum wire, and by the combustion of a compound which seemingly is a sulphuret of carlxm 
and cop)M.‘r; in the former, the modiuni K*ing metallic, and, thererorc. a good conductor, miuirea 
at the same time a high degree of heat to fuMi it; while in the latter, the sulphide, though 
op]Hi«iug a very great resistance to the fiow of the current, ignites even when a considerably less 
quantity is actually passing. 

Xow, bearing this in mind, and also Ohm's thcor>’ or law regulating the circulation of dividixl 
currents, namely, titat tiie quontity flowing by each of two or more ]sirtiuns simultaneously is in 
tlie inverse ratio of the resistance of each, the following cliaracteristics of these two descriptious 
of bursting charges, which have betm ftmeticuUtf ascertaini*d, will he easily understood; — 

1. To fire a platinum bursting charge, a return wire. wh4*ru water cannot be made arailablp, is 
always necessary, for Ward found that the resistance of ^ of an in. thickness of ordinarily moist 
earth siibatttut4<d for it could not be overcome by 48 pairs of Grove’s, which would fire the same 
charge at the distance of } of a mile, or thniugh a circuit of 1| mile of copjHtr wire of No. 11 
gauge ; and this shows that tlic sulsititution of earth for metallic wire increaw*H the nwistance so 
much os to diminish the quantity circulating to such an extent that the necessary heating effect 
is not ]inMluce«l. 

2. Whatever number of cells -roughly speaking, for of course it cannot be accurately true — it is 
found necessary to arrange in series hi produce ignition in Brunton's fuze at the distance of 1 ft. 
will produce tim smuo eff(L>rt through a copiier-wire circuit of 1 mile; and an addition of alsmt 
ont*-frmrth that number will permit of one-half this aqqier circuit being replaced by ordinarily 
moist earth. 

These two results show timt the alisoluto rt'sistance of this fuze is so grt^t that the addition of 
a mile of Cfiptier wire or a large quantity of earth effects no iuAt<<rial diminution in tlie quantity 
actimlly circulating; that is, if B = the cloctru-motive force, r the resistance of the fuze, and H 

K £ 

tliat of the sum of all the other resistances in the circuit, then - - is very nearly = ^ . 

r r-f R 

3. 'fhe same numlierof cells in series of a battery fiimishwl by the Gutta-perclia Works Company, 
that wouM ignite Brunton's fuze at tlie distance of 1 mile, did not pnNluce any visible heat in the 
platinum wire of the other bursting churgi*s at the distance of 1 ft. ; and this will be i-asily umler- 
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BlomI from what has been aaid before, for if, by inrrcaain^ the leaiatanco of tlio Htjuid atratum L 
K 

wc make F = -w reprc»cDt a force ^neratcil by one pinto, wliicb U not cnjinblu of beoting 


platinum wire, any number of »uoh cell* in nerien will not heat tliat wire, aM F — — !* ^ . mui4t 

» L + tf 

E K 

Ijo lean than — . At the name time if the force required to circulate Iw lc*» than P = -j- 

or = K'. and L remain constant, the combination of cella in aerica will have the effect of dimiuiahing 
w, and ultiiuutely of ]irrxlueiiig the nftjuirtal forct^ F'. 

From thia we alHi> lenm that tins force rinpiinxl to circulate for the ignition of Bninton’# fine 
i« ctmaidemhly lew than that for the platinum bursting charg«‘, and this is still more anparrmt wbeti 
we find, as we do. that it does not produce any M*nsiblu heat in the plntinum win\ luucu Iimm Tum> it. 

The battery that gave th«LM' n-anlta was one that a'as supplitKl hy the (rutta-perrlia Com(i>aDy 
as tin* Iw^st then known for igniting theae fuzes. It was a common zinc and cop{»er armngi‘ineiit, 
fw^h pair 4” x 4". ainl each commrtmi-nt tilled up with «nid moistened witli acid. 100 plntiw 
Were rcspiired to ignite a fuze with certainty, and even 300 would not poxluee a Mmaible Itrat on 
platinum wire: ami thU is due to the amount of reaintanee offered hy tJio intervening stratum, in 
tliis case composed of mnd anil dilute acid : but os wind is no conductor, the only riwsnn for iU 
use is tliat it enables the battirries to lx* carried aUiut without bpilliug the acid. The average 
resMtamH* of the stratum of aiuid, supposing it P) have Ih'CU entirely uudstemxl by dilute acid, 
when a force F was circulating, was found = aliout 12 8 turns at the liistAiice at which the plates 
stood, and the available force a cell - ti'7 turns, making t)ie ciiuation nrpntsonting its action 
E K 

^ ” T o. a - 1 , » * “ ToTT* employment of sand, certainly not one-fourth the quantity of 

12 H 4" ^ 1 ,1 ' 

)it|uid can be uwxl. conscfiuently the resistance 1> must l»e increastd at least fourfold, or = 51 ’22, 
which renders it inqsiaiiible that the force, which ac iiavc calUd F, can circulate in auv such 
nrmngi'ment. The use of sand nl(M> prevents the evolution of tlie hydrogen, and so n^cU m con- 
trolling the electro iuolive force. Thew* figures, however, arc not given as strictly corri'Ct. 

4. It is easy, then, to set' that the diamelt'r and description of metallic conducting midium for 
the plntiimm cJiargi^ art' maltt^ni of material coum'4|uenct*. niid its standnnl resistance should in all 
cases 1 m‘ knonn : hut with Hrimton’s fuzt' it is of no considemtion to know it, and iu this ri'spect 
|{rtmton’s fuze prt'sents singular advantagts. 

5. The isrdntion of tin* eoudueting metlium P> llrunPiii’s fuze must l»e rA$otuMif pfrfret^ whether 
the ezpinniun is P» lake plact* <m land or in water: with the platinum-wire clinrgc it neetl not lio 
so in either. The abmsi«in of the covering may be w small as hanlly to be discovend by the eytj, 
ami vet it will b<> sufllcitmt, if in contact with the i'arth. to cut off the circuit nluiosl entirely from 
the bursting charge. From Ohm's law f<r»r dividtvl circuits this is easily accounted f(»r. Tlio 
resistance of the iiize In'ing by far the most considerable one in the whole circuit, any way by 
which the current can rettim U» the battery, without passing through the charge, will be Ukeu 
advantage of for that pur|iOBe, by just so much tiie greater |K>rtion of the galvanic excitemeut 
generaPd. 

\V1m*u wp consider the chancea of a covering like gutta-perclia— and this is the only covering 
that is known, which can l»c I'mploytsl in practic**, ami at the same time give ]K.‘rfect isolation — 
bi'ing cut hy a Hint or hy a wctrliiimirs a}i«de while Uung buricxl, and know that however minute 
the cut no |K)Wi‘r of Imttery will be able to overcome the obstacle it forms, or make up for the h«s 
of fluid it occaaions, the neci'saity for adopting some ettlcneioua prop'ctiou over the gutta-|a‘rcba. 
before the mode of tiring by Bmuton's fuz«; can lie succeiMfully applied in milttAry ojieratiuns, will 
be iulinitt(d. 

'J'lml this perfect isolation is not necessary for tlio platinum-wiro fuze is well known, as, even 
in water, the ln>ss occHsiomxl by a bare wire ran l>c overcome by (‘Xtm |M)wer of liattery. The 
reason is obvious: th*« rcHiatance in the bursting charge is melaHic, and cimmxjiumtly much less 
than a liquid resistance. The conducting power of iron, wliieh is certainly not Huj»erior P» that of 
platiimnu is estimate*! to 1 n> to that of water as •lOO.OOO.OOO to 1. and, therefore, even sunprwing 
the jiro{x'rtion of eiqq>er surface exi>octed. on the wire leailing to and returning from tlio platinum 
bursting cbargi-a, to Ijc in this projiortion to the area of platinum wire, if their aurfa***^ were 
bn»ught to within a distance of \ of an in. of each other, which they never would be in practice, 
only one-half the quantity of the electric tliiid would be cut off from the burating charge : and if 
to the distance of 1 ft. ajmrt, not part of the force would be arrestetl in its |iasi*age through tlia 
platinum wire. As auything approaching this amount of abrasion can never occur, with ordiuary 
care, in practice, no fi*ar of a failure from a diversion of the curnuits luxd be entertained. 

The wire lining to the bursting charge having been attached to the two omls of the aecondary 
Cf»il, a few plates of a (rrove’s Imttery circulated a sufficient current through the primary wirt^ 
The usual contrivance of a tem|>orary magnet, for making a breaking contact, was cmjdnycd for 
obtaining intermittent si*arks in the fuz<*. 

With this helix, and four plates of (Jrove’s battery 4" x 4", it was easy to explode a bursting 
charge at the distance of |3(K) yds. from Hie op<*mtor, the return cin'uit Ac/n// nuuir M#x»»e/A the eurth. 
It was but lUNH'MHary to Ilwv© one of the wiw’s of the bursting charge in contact with the earth, tlm 
other l>eing attaclud to the wire hailing pi the voltaic arrangement, with which it was connecteil. 
A wire from the other eml of the secondary coil led to the earth, which, if touched, was sufficient 
p) expi(Kle the charge. There is no «lnubt that thia helix arrangement greatly simplifies th« 
apparatus required for the explmion of thftse eliargps, for without it aliout 120 cells are nxjuind 
P) produce with c<>rtainty the same explosion. The fact that a return wire for completing the 
circuit may be dispenseil with is a great recommendation for the adoption of this fuze ; though at 
the same time it must be rcinember<<d tliat fM'rf4<ctly diy earth will resist the tiow of any current. 
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In a bucket full of <lri«Nl mud Ward put two platoa of copper, 1 ft. aqnarc, at a distance of 1 in. 
ajiart, and tin* wlwde power he could apiiljr could not oTorcomo the ro«iatanoe interiHMed. 

With respect to firing a nutnlMT of rlmixtw sirmiUaniNiusly with <.»rh of these fiizea, tho 
platinum clmrKe, as mny !m* sup|ioited, has the advantaf^e, for on account of the great re«i»lanco 
adde<l to the eireiiil, where a second gutta-percha fuze is intro»luoiHi, the force befon* eirciilating 
tH materiallv duninished, and ran only l>e brought <ip to the original strength by a great addition 
of |>ower. The uractice Wanl lia<l with this fuze was not sulbeieutly extensive to give him confi- 
dence in its amilieatitm Pt siTnultaneons firiug; but, to state what has been done, 120 plates of the 
mnd Ijattery oefort* mentioned, or 10 batb^ries of 12 each, fired one clrnrge well thrimgh a circuit 
of five miles of copper conducting medium, aUmt Xo. 16 gauge; 96 did the same f«'bly ; 72 could 
not lire it: 216 platt^s were rcfiuiml, rmighly spcakiiig, to fire two placed in the same circuit; 
21G fire«l threo* in a circuit of one mile; 36<i fired six : and 4^0 fired eight in the same circuit. 

These exjicriment* were* rnaile in Brtmtou’s urestnee, tho wm*s l>eiug under water in tho 
canal Imstn ; but it should 1 h> n'menilM>rcd that the wl»o}e of the circuit was not metallic, a few 
yanls of the return |»ortioti Wing through earth and water, which however, when com)Mrcd witli 
the great extent of wire, may be cousiflered to have no sensiblu infiiienco on the result. From 
them it will be (MH>n that theMe fuzifs are cnisiblc of lM*ing cxphsled simultanfMmHly when place«l 
in a circuit ; but it rt>quires more practice to tU-lermlne if they can l>e so trusttni, and it is apiwn'Ot 
that each additional one retjuires a large mldition of cells. With tlie plutinum-win* fuze, an 
addition of two plait's for every charge iuserted is all that is nocitwary to cstahlish tho circulation 
of the reijiiireil forct'. The platinum charge jsjssejwes a great advantage o%*er the gutta-|>erclja 
fuze, in that its resistance being metallic is uniform, while that of the gutta-|s>rcha de^smils u|Km 
tho degree of action that has taken place on the copjicr wire, and es|s-cially ou the extent of 
eulphurct circuit; for its n'sistaneo is so gr**at that an ndditional length of oncHidghtli of an inch 
eautw-s a gnat diminution force in circulation. This last circumstance, combined with tho 
degri'C of sctimi that has taken place, Umd to make the resistance so variable, that sometimes 
12 plates have Ix-en able to ignite a fuze; it is not safe to apply Icwt than 100 plates of tli<* sand 
lottery. With the platiniiui charge two plab>M arc always sufficient to overcome the rcsihtauee. 
The gutta-pen'ha fuzes are also liable to deit'riornte by exposure Ui the air, suIphaUi of cop{H.‘r 
fonuing where the Hulphhles were, and the fuze losing in ct>nsi'c{uence its infiamnmbio proia rtioa. 
Si'veml modes have iKtii trietl of making these fuzes; some nsjutring six montiis to mature, 
and others only half an hour; but the resi>ectiro sorts seemingly present this pmiH'rty, that ilto 
sooner tliev crime U> lunturity the r-itsirT tiu'y deteriorate. Both descriptions of fuze have their 
peculiar mlvantages. The one may he issunl r^dy made, ns an article of store, and the other 
woiiM sometimes turn in account in an emergency in the field, when the store* supply Imd been 
cxhaustrNl. In fact, the rauge of inrjuiry w ith r«*S|>ecl to this d«'scri|ition of fuze is very extensive, 
ami well worthy of pursuit. It may la* apprehendial that such enormous distances will not bo 
ms'^swary in tin* field : ns the cost of the rt.tum metallic circuit can la* marie up by a 1i*sb ex}a*tidi- 
tun* of gutla-|a*rcha in procuring isolation : as the n-sUtanoe of any wirt* emploj'erl can be ascer- 
tained with sufficient accunu'y and hardly any lalamr in a few mimiU-s; and, as we shall show, the 
power n-rjuintl for Bi»y prolapsed explosions, sinmltaneous or otln rwiw, can be calculaU'd w ith far 
more correctm HS and eonfiut nco than, with n*s]X‘ct to the gutta-perrlin fuze, it is as yet poasible 
to do; and, above all, as the casualties that onlinarily attend the laying out and burying of tho 
ct>mluctmg niKlium will have no mnsiVde r-tTert on the platinum fuze, while they have a most 
im|>nrtunt one on the other, it seems right to conclude that, as far as our exiM'rieuou gfiea, tho 
platinum fuze pos»essi*s greater recomiueiulations for use iu military engin<N*ring. 

Having thus decided on the most suitnide laittery, conducting medium, and bursting charge, it 
remains yet to isdut out the rule for calculating the nimdsir of cells necessary for exploding any 
arrangement of chargea with them, and at auv distances* that may l )0 rwiuirwl. Tho length of 
the plaliimm wire of Uk* bursting charge will, of course, influence the resistance of that jiart 
of the circuit. From practice, it has been found tliat a wire • of an in. long gives suflicitmt heat, 
with the least expenditure' of power; ami it therefore seems desirable to use that length, as it is as 
well to Bilopt some one length, whatever it may be. A lengtli of j of an in., weighing l’G5 grain 
a yaivl, ofl’ers a r<*si»tnnce of nearly 61 turns of standard win*, which is e«juivalent to about IfO yds. 
of the Sidet'ttsl copper eomhicting medium, weighing 2f>0 grains a yard; and any extra length 
omployi>d must lie allowcsi for in tho same ratio. 

Keferring back b> the oquathms n*pri««mting tho working of the rcducetl Grove’s battery, it 


will be seen that F is assumed as the mechanical cxprc-ssion representing that wch cell of 

the laitU'ry, in fair working order, may bo subjecbNl a controlling resistance equal to 46 turns 

H 

of standard wire, and yet will fuse tho platinum wire in tlm mi*lst of powder; and that 
nqueseuta tho conditions of fusion when no powder surrounds tho wirc : but as it is the rule for 
the explosion of powder which we have now to consider, the expression most concerns us, and 


this expression for the power in strong action, that la, iluring tho first two or throe hours, U 

represeuU'd by where 14 J is the average liquid resistance a cell, and 31 J is tho energy 

14} + 31; 

available for overmming the metallic resistance. 

Roughly speaking, yd. of the established conducting medium of 2fi0 grains a vard is 
equivalent in resistance to one turn of the rheostat, therefore the available energy to a cell would 
bo (ipuil to als>ut 46 ytU. of tlie cttnducting medium ; and the resistance of a platinum wire | of 
an in. long, aud 1*6.1 grain a yard, being 60 turns, would be oiiuiil to. sny, lOO yds. of the wire. 
For firing a mine at any distance when the lottery is in good work, wc have then this simple 
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rule: — Take the whole circuit in yanli*, inclwlinjr distance tip and down sliafU, add to it 100 y<U. 
for every clitirp.' in the circuit, and divide by 4U for the number of cells. This is the niie that 
theory |•nints out : it will not be advisablu to draw it so fine in pmctici*, but our oljjoct at present 
is to show the principle which rej^dates the calculation. 

Again, when the battery has lieen six hours in action, — and arc aliown to be the 

mechanical exprcNHintia rt'presenting the n^sistance which each rtdl has the. i«)wer of bringing 
under control whilst circulating a force sufficient to fuse the wire in and out of powder. Taking 

which concerns us nuist at this moment, wc find bv referring back that 2fi of the 42 turns are 
42 

iHmsmuttl by the liijuid resistance of each cell, and only 19 a cell are left to overcfime tnebillic 

resistance, in fact - being = tjtyTiT* c^^preaiKHl in turns of the established c*m- 

42 Jo ^19 

ducting medium, s 2Hi y«ls. a cell. Having now therefore but 28^ y»ls. of available energy a coll, 
insti'a4l of 4t>, the rule for caleulating explosion must l*e modified as frdlowa: — Take the wholo 
circuit as before in yattls, add to it 100 yds. for every charge plnct'<l in the circuit, and divide by 
28J for the nmul)cr of ccrlls, and it will iw seen that these two rules give widedy different n-siilts : 
as, for instance, if a mine were reiiuircd to be fired at a distance of ludf a mile, the fonuer would 
give 41 cells and the latter C(*lla as re*|uisite. 

If at any time an economical use of CuUs is of consequence, it is desirable to hnvo a n«dy 
liMole of aseertjiining wlmt c^mdition the Uitk^ry is in; for it matters not what tliat may be, ^ 
pn>vidwl we can nHcertain it, nml apply the pro|>or rule. Fortunately there is a very niuly m<xlc 
of ascertaining with sufficient exactness the wwor of any arrangement of cells in series at any 
moment, and of determining the numi>er of cells necessary at any jteriod between the first clmrging 

and six hours after. We Iiave, for instance, seen that when the battery is in good action is 

the force mccssary for firing ono platinum wire plactsl in ihe galvaiuwueter, tliat double this force 

or will be required to fuse two side by side; similarly, a force represented by — is rei}uircil 
34 23 

FEE 

for firing three, -,1 f(»r four, for five, -r.— for six wires, and soon ; these results all depending 

1 i 1"| s 

cm the fig^ire 68^, which at this )H'riisl rt<prt»euts the electro-motive energy of the batU'iy' in turns 
of standard wire. 

Whatever may be the number of wires that can bo fiiml side by side, the resistance of ll»o 
liquid stratuni cannot bo affirted by it ; and while Ute eU'ctro-motivc force a cell reuiattut at GH}, 
the fact of being able to fuse any nutulsT of wires side by side shows that the rtwistai^co of tlm 
liquid stratum cannot bo so much as the denominator of the fraction repreasenting the foreo 
retpiirud for such fusion. For instance, if five wires can laa fused side by side, the resistance 

of the liquid cannot =s 13J, for if it did, the force — - ■ would be exactly balance«l by the rc«ist- 

13f 

once, and could not circulate ; if six, it cannot equal 11^. Having thus ascertained tlrnt five win-s 


can Ihi fused, and not six, it would be quite safe to call E = 13}, and as ~ represents the force 

iK’cessary for fusitm in powder, it is fH>rf<<'t1y certain that at that nu>mcut the available energy 
a ceil for an explosion, in turns of standard wire, canmd be li^ss than 4fi — 13| = 32} turns s 
48 yils. of w>loctt*d mcditim. SSimilarly, if but four win*s ran In* fusctl, it will U? ja;rfecily safe to 
alldw 44 yds. of aeU'ch'd medium a cell ; or if but three, 35 yds. a cell, the rvsistauce of the liquid 
at this period approaching 23 turns. 

At the end of tljc day eff six hours it ha* Wn seem tliat the elcclm-motivc force has fallen in 
the pnq>nrti<m of *>8} to G3. And the available energy a cell will be mlucwl as follows: if four 
wirt>s fuse and not five, to 39 yds. ; and further, if three wires fuse and not four, to 32 yd *. ; and 
it would not be possible to fuse five wires, with ehvtric energy at (53, at any intervening |*orifsl, 
but an allowance of 1} }M;r cent, an hour for the diminution of the eU'ctro-motivu force will give 
the available energv a ctdl at that tunc. 

This detail has Wnm given to show the principle of the rule and its amount of accuracy, but in 
practice the w'hole may be oombiiietl into this simple one. l*revious to firing a mine, when all 
Ihe plabw are arranged and connect«l, insert five win** in the slits of the galvanometer, ami place 
the w bole series on to fust! it. In all eases it is desirable to put on the tfhoir numWr of cells you 
inkiid applying to the explosion ittiuind, as by this means you obtain a practical )>nxff of what 
that combination, with all the errors the manipulator may have cuimuilUd in arranging the 
Initery, is able to perfonn ; and you must take care not to <uucA Mr euascctiea of the liatiery afk-r 
yon are satinfitMl as to the iKiwer it prcM-nU for your use. If a fusion takes place, allow 44 yds. of 
circuit for evert cell : nn«l if the nuiub(*r of cells employed do by cnlculation cover the range, 
rc!ckoning the charge as I(K) yds., you may feel tvmfidenl in the exploshm taking place as tssm as 
the cimniTtion is made— if there are ik> 1 sutficient (X’lla, mid one for every 44 yds. over. If only 
four wire* fuse, allow 39 yiU, a cell ; if ouly three, 32 yd*. 

The trial should bo lumle with all the cell* that it U proposed to use, am! if any an* subse- 
quently addnl it should be re|)eatetl ; for the moK* rclU tuere are in combination, the more 
accurate is the result. The advantage of the trial is that the result imuiediakdy {niiits out any 
mistake that has been made in cliarging the cells, or in arranging them, ntal also if that mistake 
is of any material c<»n*e<|Ucnco ; and it may be assumeil that tlie mme M^rie* of this size of plates 
that will fuse five wires side by side, w ill as surely comruathl a circuit of 44 yd*, for every cell. 
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It u cnstomRry prt^TimiD tn no cxplosirm to tost the wire circuit bj a {rnlvanomctcr needle, to 
Asci-rtuin if the circuit is entire; but it seems to me equally noeesnary to test the (M>wer the 
l>ftttery. The U'nt oxplnine^l iio<4 not re(|uire two minutes to apply, and infAllibly |>oints out 
the available forcA* at tliat moment. 

As the diameter of the condurtinfi; medium is of {Treat importance, as well as its specific resist- 
ance, it is fortunate that the rheostat, by a mode casimtiAlly practical, enables us readily to 
determine the al>«>lute enndurtinsr jjower of any dianieU‘r or dets*ription of wire. The nicsle of 
doing this has been explained before, and need not now he re^)eate<l ; it will i»e sufHcietit to say 
that the prol»hle error of a single observation with Grove’s batUiry do<-8 not exceed 1| per cent, 
(for which an allowance can always U> made on tlm safe side), and that any one accushimcHl to 
ust* the instrument could in an hour ascertain the resistance of any platinum wire that may l>o 
ohtaimvl on the sjiot, or of two or three nub's of conducting metliuju, as well as every particular 
concerning the battery, ao as to la? able to apply them with certainty to explode any arrangement 
of cliarges that may be desirol. 

However, It is essential that every portion of eonductinp wire issued on service should be proved 
first. Isd there he one description of wire kept at the deis'jt, which should weigh, for the sake of 
accuracy, somewhere near 250 grains a yd., and bo coverwl with gutta-|>crcha ; but beyond that 
no precaution is necessary, nor is it PHsential to know the precise diameter or weight’nf it. A 
rheostat mW. so to h|h>a 1^ from this standard should bo suppliitl to each branch depot or head- 
quarters, and Isitteries and wires similarly rated should bo ^so furnished in quantities sulRcieut 
to meet the probable roquirt'iuents. 

Thus if any portion of the supplies for voltaic purposes should fall short. If the ex|K>mlitnro of 
all the platinum wire should ri‘n<K*r it re<p»isite to emph»y fine ir»m wire, if it should U* necessary 
to use a different oondwting medium in the place of the ctdahlished one, nr a different battery of 
different acids, nr, in fact, if any alteration stiouid bo rendere<l im|H‘rative from local circumstanc«ti, 
we shall have a ready nkode of calculating tho allowance to be uuwle in coiiM^uence of the stil>- 
stitutinns: and. above all, we shall have the }K>wer of cr>mparing practice in dioerent parts of tho 
world, and of estimating accurately tho merits of any new combinations, by a report of tho ex{>eri« 
ments of half a day. 

The task of perfecting the details of these arrangements must necessarily devolve oti those who 
may ho directed ti> continue this imiuiry, as tho operator merely touchea on tho advantages that 
may he attained through careful attention. 

SimulUinecus Firitig, — It may Im nt'cessary to my a few wonls on the simultaneous firing of a 
nunilwr of charges or mines by one battery, and point how theory guid«‘s us to a just conclusion as 
to the numWr of plaU's nccc'smry for any nunil>er under any arrangement. Hcasoning, then, from 
tho results ohtaiiuNl from Grove’s battery, wc have found, 

1st. That a force represente<l by — is roquireel to circulate, in onler to prodiico an explosion 

of one bursting charge made with platinum wire } of on in. long, and weighing about 1 '65 grain 
per yd. 

2nd. It is also admitted tliat when any force circulates in the manner that a voltaic electric 
force docs, the quantity passing at any one time in all parts of tho circuit is the same, but that the 
heat duveinped at |)orticiilar parts de|>oudson the quality of the metal, its diameter, and conducti- 
bility. If, then, we place in tho circuit any mimlier of short platinum wires, identical in weight 

and length, and cause a force ™ to circulate through it, we ore led to expect that they will all 


fuse at the same instant, and if they do so, the explosion will also be simultaneous. Now, in onler 
to cause such a force to circulab', it is only ui’cessary that cells slioidd be added caimble of over- 
coming the resistance ajldwl by introducing «**ch charge, or <vlls «iuiVBlent to 90 yns. of selccUd 
conducting metlium ; that is, when the batterv is strong, two odls a charge, antf at other tiimts 
three cells a charge. This tlicory, if practically applicoble, is productive of great economy Ifoth 
in cells and wire ; for supposing twelve charges to bo exploded Bimultaueously at the distance of 
one-seventh of a mile, or in a circuit of half a mile, by the rule before given, when the batteiy is in 
strong condition 44 cells would do the work cosily with an ex{»enditure of but half a mik' of con- 
ducting medium ; whereas if each ha<! to he fired by a sejiorak' battery, we should re<)uire 22 cells 
and luilf a mile of wire for each charge, making in all six miles of winM and 2(H cells. 

At the cloee of tho latter day Waul arranged twenty charges in a circuit of 800 ytls., and 
ondcAvoured to fire them by 48of Grove’s small cells, when only fifteen expUded. Twenty charges, 
it will 1)0 seen by tho rule given, were nvore than the battery of 48 cells could l>ear: for, allowing 
one cell for each 10 yils. of circuit (17), ami two for every charge (2 X 20), wouhl give 57 cells as 
necessary : but, os he had not that number, 48 
were triid, and faihd. In practit'o it is always 
best to U> <m the mfe side of the rule, and even 
to add a dozen cells to the eetimatod quantity to 
make sure. 

Such is tho imperfect practice which Wanl 

had with the smaller description of pjatinum wire B ” ,r ^ 

in the bursting charge. We w ill presently sketch 
out tho rules for guidance in making future trials ; 
but wo first notice the following mfde of simul- 
tanorius firing, which has been Mfore greatly re- 
commended for its safety. 

Sup{)osing B. Fig. 1158, to be tho battery, and C, 0,C, C\C„ five mines to be firtd. At a eon- 
Tcnient disU^cv from B two mercury cu|is M 51, should be plac^, a wire from each mine leading 
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to enrh cap, ftml a pair of wiroR from the cups to the hatter)'. Thin mode of arrani^ment lum the 
advantaj^eof romu’Oting each Biinedim*tly with the liatter}', and luakint; itR cxpIoBion itidcftendent 
of any error that may liare occurred in any of the other *Ho far it liaa Rreat MlTantat;«?a, 

ami we also aare five pairs of wire*, which would liave b<*en nn^uire*! U» cover the five distances, 
B C|. B &C., and it only retnainM to determine, by reference to the preceding investigation, wliat 
power of iiattery is ni'cesaarv t«> exploile tlie five Bimultamviusly. 

Am it U evident that the battery B must, when the distanccM M. C« M,, Ax., arc nil equal, 
circulate the aatne amount of force through each of the bursting charges C| C,C,C,C,, and as <«ch 
platinum wire must be brought to a state of fusion in surruumling [lovrder, tne force to fuse all, nr 

» K 

Uiat flowing along D M and M, B, must be five times tliat for fusing one. Now in standanl 


E 

mcnaurn is assumed as a repreaeutation of the force for fusing one wire in powder, therefore or 


any , will be that reqtiirwl for fusing all. With the rtxluced Grove arranged in seriM no num- 


ber of cells could circulate this force : l)craiiHe. as before stalwl, the liquid n*sistanc© is more than 
9, or = ; mid it then fullows that, unlcws wo can rediiee this resistance L, we cannot, with the 

Grove in question, explode thi'se five cliarges simultimt'ously. 

There is, however, the following reaily modeof rf'ducing the antountof this rrsistanee. Imagine 
a enm-nt of electricity flowing through a circuit of wire B C D, the j>nrts of which B C, C D, and 
I) B. Fig. 1159, l»oing* identical in alt nwis'cts, will opimsc an ei|ual resistance fur wpml )>r»rttons to 
the circulation of the current. Now let the portion t- 1) W increaiMsl to double the size, or, wimt is 
the same thing, along that portion of the circuit let another wire identical with C D Is? placed, 
carr}'ing the electric fluid from C to 1) concurrently with C D, and the efltx^t will be that the nssist- 
ance of the length C 1) of the circuit will be reduced to onc-luilf, or, if a thinl wire be added, it 
will bo reduced to one-third, and so on. 


itsv. I ICO. 



Now. altering this disposition of the circuit, let us imagine one Istth^ry B. Fig. UCO, say of 12 
cells, circulating a enrrent BCD as l>t*fofc, having another, identical in all respects, plnnyl along- 
side of it, the two zincs being eotinechHl, as also the two platinums, ami the oummt circulating in 
the direction / I’ DCi Banishing for a moment from the mind the iihvi that the cdcctricity is 
being generate*! there, which eircumstsneo cannot affect the reasoning, it will be seen that if the 
resistance of 12 cells before was 12 1., the resistance by this new arrangenmnt fAis p.irt of the 
ciVruif has been r»’duc*tl to G L ; or imagining the two lietteries B and B, each of 12 cedis, to he now 
one l«tl«Tj% the nwiKlancc of the 12 cells of this new machine is now but onc-half of what it was 
in the old one : and if a thml Isiltery was put alongside, the resistance of the combination would 
be 4 L, and so on. We can therefore make a battery, vUtutut any m»»rc frwi6/r tfuin that of o/tcriN/ 
the mmUs of crmncctisa, which shall givo a resistance of liquid of any tlcgree we please; and there- 
fore we can circulate irt’M ecomsay any amount of force, or in fact fonn a battery suitable for any 
purpose. 

In the case wo have taken, we require to circulah* an amount of force expressed by in stan- 
dard mcasim*, where R s L 4* »c = 9. The most economical nKxle. tln'oretically s|>eaking. to cir- 
culate this is to make a battery in which 1 j = 4J, leaving 4J of standard menaure for each cell’s 
available energy ; but, on practical considerations Ijcforc noticed, L slioiiUl be somewhat less 
than IT. 

The resistance of each cell of the Grove battery adope«l has Ijccn shown to bo al>out Hi. Now, 

14'5 

five batteries arranged abreast will reduce tliis to —— , say 3, leaving 9 — 3=6 turns = 9 yds. 

of adopted conducting medium ns the available cnerg>* a cell ; and if in the case before us wo siip- 
poMC tne dlsUnce M B to be one quarter of a mile = 440 yds., and the distanccii M C|, M mihI 
so on, each = 100 y<ls., the mode of calculating the numl>or of c*dls to prtHlncc inatanlaneous explo- 
sion of these five thus arranged would lie : circuit M (', including platinum fuze = 200 -4 *K), 

2^ 

then the resistance of five concurrently would bo — - = fiS ; to this a*ld 440 x 2 (= 880), 

giving 938, and dividing by 9 yds., the available cnerg>' a cell, will givo 104 cells for the number 
in combination five tleep in scHcm, or 104 x 5 = 520 ceUs In all. 

Now, by the other mode of simiiltaneons firing, a much lens number of cells will ho necessary : 
any one of these charges could have lieen fired by an arrangement of 30 cells with case, and os 
many more introducod into the circuit at the rate of two or at most three additional colls for each 
charge. 

The reason for this immense difference in the number of cells necessary in the two modes is 
that, in the case whore all the platinum wires are placed in one circuit, it is not necesrary to 
increase tho amount of circulating force, because the quantity flowing tiirmigh one chiuge helps 
to raise the heat of all : but in the Utter arTangemout it is noceanary to supply heat auffleient 
to melt five platinum wires, of one thickness, bimultaneously ; and m they sAore the eloetric 
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rurront Mtabliiihod thorny five times the Amount of force is necessary. If. tlien, sn equAtion 

- — t — = F represents a battery in which L + »c Are ecowoujically nrran^tHl t<> produce a force K, 

Ij + W 

then = 5 F reiiresents a diiinosition for fusing five such wires. Now - * it has been shown 

li V 5 

5 *^5 


can only I»opmduce<n>yplAcmg five cells abreast, and as g-, representing theavniinbic energy of a 

cell, is only ow-Z/M what it was Iwfom, it re«iuirpa that five times as many should bo arranged 
in scries, emi on, to overcome any given resistance. 

These are the only two principtt's of firing simultaneouslv that are practiiWNl, for tho following 
arr«ng>'ment is Imt a mo<lifieation of the lU.'CODd mode^ as will bo appartnit. and the same mode of 
caleulation applies to it. Wo have, by the w’cond Airnngt’ment, a imule of exploding any number 
of chargi^s simultaneously, and from the arrangement itself it is evident that a failure mnnot 
take place, for each elmrgv will l»o quito independent of the others. At tho «me time it is very 
doubtful if any wcouomy is secured by this arrangement. Supposing B M C„ in Fig. 1158, to bo 

5W yds. as before, + 2 gives 2ti cells os quite sufficient for exploding that one mine, an<l 

therefore 26 X 5 as 130 cells wonhl be enough to explode all five simulianeouKly, if each cAim/c 
had a pair of wires leading to It. Now, to econuiuize four pairs uf wirt^s along M It. or to save the 
tn>ubIo of laying out two miles of win*, we are obliged to employ 52U — 150 = 370 extra c«dls; 
and it beivtmm a matter for consideration whether the extm cxiiendituro of trouble and acid, at 
the aouree of supply, does not more than counterlMilanee tho labour of arranging the wires. In 
fact, the first principle of sitiiiiUaiiooiis firing, namely, that of idaeing nil chaises in one circuit, is 
the only economical moile, and that it rniuires but a kiiowletige of tho principles which we have 
CD'leavoured to make clear, without any nnessing in pn»ctioal details, tf» ensure succiww with it on 
every occasion. The grviat caiLse of failures in sbunltaneons explosion has been the want of 
sufficient power: anvl if any ono will take tho trouble to examine, on tho principle of Ohm's 
theory, the statUtics of recorded failures, they will that they all thus occurred from a manifest 
want of power : an tliat instoml of dUappuintment at their waut of success, they will wonder how 
they ever siicceedtd. 

It lias genemlly been the habit, as a matter of precaution, to solder two wires side by side in a 
bursting cliarge, lu ease ouo should break ; would any one unaetjuainted with Ohm's theory 
imagine that if a lottery, economically constructed for fusing one wire, wen^ used to fuse two side 
by side, it would not be able to prmluce even vi.sihle heat in either of the two. or, in fact, that it 
would require four times as many ctdls (arranged as explaincs! h»*fore) to fuse these two wire*? 
yet sometimes tim'e nr four have lieen so placed. Occasionaliy two eUarges arc placixl thus, 
(’, Cf, Fig. 1 nil, in one powder-l>ox, each (G, ami 0,) having two platinum wiri's. If a liatb-ry 
were economiixilly ivnistructod to fuse ouo such wire, it would re<iuiro nearly sixteen times os many 
cells to fuse the four. 
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Puppose, again, Fig. 1162, that a number of charges are arranged in a cirenit thus, each with 
two im'cniitionary wires, and that while tho battepr is nowerful enough to fuse the double wires 
all mund, one of the two wires in one charge (C,) is broKen by some mishap ; it U then rendere«l 
/josiYi're/y rfrtdin that, howi'ver strong the liatter)* power may be, this (C,) will be tlie only charge 
which will explode, for the o»c wire left in it will fuse before the other |>airs will arrive at any 
risible heat. Ohm's theory explains the eau-He. and points to this as the certain resnit. 

Again, the conducting wire hitherto used for explosion lias been genomlly 4 of an in. thick, 
and the platinum wire in the bursting charge sometimes 1 } ui. long ; now, can it be supposed that 
it was generally known that the introduction of one such bunting cliarge in the al>nve circuit was 
er|uivajent to adding 1200 vils, of the thick conducting medium, or that an equivalent to this 
resistance in cells was over ailded to eompensato for the diminution of force? 

These, and many other extraonlinary results depending on the principles regulating tho 
circulation of a voltaic current, have given this agent the character of extreme mutability and 
nncertainty, which it dts-s not deoerve, os they were the consequence of an imperfect knowUslge 
of those principles. 

From what, then, lias l>een shown almvo, as the result of tlie use of a second platinum wire in 
tho bursting charge, it will l»e app^mt that Ward condemns its application; since in firing 
charges simnltanoously in a circuit it is worse than usdeos, and is indeixl ruinous in its effect. 
The precaution being resorted to, implies a belief tlrnt in case of a single fracture in any one 
charge, a second wire is at hand to onmpleto the circuit and ensure an exploidon of all ; but the 
reverse is the case, os has Ufcn shown ; and the second wire, tlie first being fractured, onsures 
that this charge is the only one which will explode : and yet the usual bating of the circuit bv a 
galvaDomoter needle, previous to connecting with the battery, will delude one with the hop<.> tfiat 
all is right ; whereas, if only one wire had been used in each charge, the fracture would have been 
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miMlo Apparent At on<^ by the breaking of the ctretiti, and thiix a wnming given to repair. In no 
ease aboiiM we attempt to place more tlmii one platinum wire in n burbling charge, and that 
charge ahould lie oniy connert<><i with a pair of conducting winw letuling the mirface or end t*f 
the tamping; place a iawnd chargi*. if it ia thought deairable; and before filially ronntH*Ung either 
of them with tne wirea inbUHied to lead to the Imtti'ry*. teat each hy the galvanometer to aee if the 
circuit to tluit |»int is compleleT and then connect cmly one of them to the main wires loading to 
the place from which the mine is to !>«• tinxl. 

It will be seen that for whatever purpose voltaic agency may bo required, and wliatever 
principle we adopt to circulate the amount of current requireil, there is a certain size of plates 
which will do it to Uie best advantage, dejieniling on the m<w'lianinal »)uivalont representing the 
value of that force. In the present case the fnnn* rcipiired was found to lie liest pnxluml by a 
(fftive’s arrangement of the size submitted. When a 8mee was triixl, though from its simplicity 
it was preferable to a Grove, it was found tliat it choked itself, as it were, in its endeavours to 
circulate the amount rMjuircd, and consequently its circulation was not constant and not suitable 
for our purpeae; at the same time its electro-motive energy lading low, more bulk was necessary 
for pnMueing any effect. DanielPs lottery certainly circulateii a constant force <»f the degreo 
required ; but it was inferior in electro-motive cnerg}' to Grove's, and, being at the same time more 
compliraUvl, was rejected, and so with the others. 

We have shown that the siraultanpous explosion of any numlier of charges of powder can be 
obtained, if we can at the required moment establish the flow of such a constant current of electricity 
as shall produce a fusion heat in everv platinum wire placed in the circuit. 

It is advantageous, however, that this circulation ahould be prodiicc<l with the utmost economv, 
consistent with certainty: and we have shown that the economical wmsideratinn is thonr<*ticalfy 
Hatisfied when (E representing the eleotro-motive energy of the combination, L the n^sistanoc of 
the liijuid, u that of too wire, a the number of plates, and F the nquired amount of current) in tbo 

diuation F = — — , a L = r, or L = — ; but that practically, for reasons given, L should bo 
* n L + IT ’ n 

somewhat loss than — , the expression — representing the available energy to each cell of 


the voltaic combination. 

Now, the battery aubinittod has l)cen constmeted to satisfy these conditions, with the platinum 
wire ahich Want recommends. Ilut it will b«> evident that any alteration in the anKuint of 
current required to circulate would require a correspooding mcMlification of the battery. For 
instance, if a platinum wire double the tnicknesBof that recommeoded wrero sulaitituted, mnn> heat 
would bo rct^uirod to fuse it, and tlicreforo a grcaU>r cuntmt must be caused to circulate. This 

can only be brought about in the equation F — where E and L are constant, as they arc 

in any determined form and principle of battery, by a diminution of tr; and if this diminution 
nnlucet w in value below » Tj, the amount of oum-nt requireil is no longer economically circulahsl. 
Nor can it be so till the value of L Is also reduced, the principal mode of effecting which is by 
enlarging the size of the plates. The diameter of the platinniii wire is Uiercforc an e»*ential con- 
sideration in determining the size of the plates in any voltaic arrangement to produce its fusion, 
ns very* small differences in the diamider of the platinum wire will load to gross errors in calcula- 
ting the number of cells necessary for an explosion, and uniform success can never Is? obtained in 
the field if the platimrm wire has not been carefully selected, and tested as hereafter auggmtiil 
before its issue from store. 

The lem-jth of the platinum wire employer) in the bnrsting cliargc is not a matter of the same 
importance, as a liattery of the same sized plates can ecoiiomicallv circulaU? the foitw re<|uircd 
through any length of platinum wire. For it must be b<»rne in mind that by adding lengths of 
wire wc do not call on the battery to circulate a greoter imurunt of /wriv, but merely to overcome a 
greater mittnnee to tbc circulation of the same amount, which can readily Ui done by increasiug 

a E 

the number of plates in series. For if in the eriuation F = — = we increase w to tc 4- a, 

a L + w 

and so diminish the value of F, we can immediately restore tlio equation to its former value by 


adding cells = , ami the force F wnll circulate os economically through a resistance w -p a 


by the combination cxpresscrl by — - as it did in the first case through ic by 

^ n -f L -H tr -f o 

the combination of n cells. 

It is thus quite opr>n to any future operator with the lottery submitted, to introduce any 
lr>ngths of platinum wire into his bursting charge, mendy remembering to employ the thickness 
recommendtd, namely. 1*65 grain a yanl ; though ^ of an in. is sufficiently long for all purfmsea, 
and poHsesiHw th<- advantage of less liability to fracture than greater lengths. 

With renipect to tlie copt>er comlucting medium, that wiughing 2,50 grains a yanl, covered with 
gutta-])crcha, is recommemltd ; but it is not estentud tliat any particular metiil should U* emidoyid, 
or that the wire should l>e of any particular weight, os we have deecril«?<l a ready luotle in ascer- 
taining the resistance, in standanl measure, of any material of any length. 

Jdtning Operatitmt for h(<jving Ihyvn the Cliff near Seaford, m the foiMf of .^umcx, 18,50: by Major- 
Oenertd John F. /lurgoyne. — Along tlie coast of Suiwx the Imnks of shingle affonl protection to 
the rich low lamls within them from the encroachments of the sea. 

The shingle, however, is in a gradual but irregular state of movement from west to east, and 
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at timca A groAt impreanon ia mwle oo particular parta, that would Icatl tr> much damage, if not 
arrested bv projc'ctionii of timber and planking, between high and low water marka, tonnod 
groins. Tueso groins are very exiieasive, and their ujiefnl effects extend but for a short distance. 

William Catt, whoM« family have considerable iKwscMions in the plain Udween Newhaven and 
Seafonl, a distance of ab<uit three miles, ronsidernl that by roustnicting a very substantial groin 
oit A large scale under the cliff near Heaford, which is at the east extremity of the plain above 
mcntioDHl, and the foot of which cliff was washed by the sea at high water, and thus stopping 
the progress of the shingle, it would have some influence in protecting the whole extent of the 
b^D to Newhaven. 

11c also considered that the most efficient, lasting, and economical mode of ostahlUbing such a 
projM*ting olistruction would l>e by throwing down the cliff, which was nearly perpendicular, and 
about '200 ft. higli, on to the l>eacl^ by a great explosion of guniiowder. 

In the main feature of the application of the two great enarges, there was no difference in 
principle between them and the ll^ee, though there were some in tlio pn>posed mixles for carrying 
it out, as will be subsequently cxplaincfl. 

The plan finally mlopted was to lodge two large charges, each of 12,000 lbs. of powder, 120 ft. 
asunder, with lines of least resistance of 70 ft. to the face, and 58 ft above the level of the foot of 
the cliff. 

Five smaller chargoa, of GOO lbs. each, were to bo placed in rear. Figs. 1168 to 1168, at a higher 
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level, to clear that part from overhanging remains: and the whole to be fired by voltaic hatteries, 
the two main charges first and simultaneously, and the five smaller ones iiumcdiatelv after. In 
consequence of not receiving in time a supplcraentarr demand of gunpowder, only t^iree of (he 
smaller oliargca were loaded. 

2 o 
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The circuit of the wires connected to the two preat char^ was completed at the battertea, 
and on the instant the i^ition of both took place, throwing down the face of the cliff for a lenfrih 
of 500 ft., and to the rear 15 or 20 ft. beyond the five shafts, so as to brin^ down and bury the 
three upper cbarg<^ unfired, cracks and tliwures extending nearly to the shod in which the batteries 
were placed. 

Figs. 1169 to 1174 show the result of the explosion of these two mines; and on the sections 
is also described tbo effect produced by the action of the sea upon the mound formed by tlie fall 
of the cliff. 
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Section through Centre Line of Gallery. 
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to k« the epccidc gravity of the clialk. 
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Mining Operatimu at Sfafftrd, — The optMiinp made in the faeo ftf tlie cHAT for the ooramencemont 
of the central gallery, by which both the rlwiulK'W were reaeln'cl, wr« S5 ft. nlx)vc the high-water 
mark (onliaary apriiig titles), which ot thia spot was the level of the bench at tho lm«e of the 
cliff. It was commeneetl from a rough stage Hiipportf<l by scnffold polca, and reached by a conimou 
ladder, the stage being necessary in con»e<|uenco of tho imp^ibility of making any irapreasinn on 
tho face of the cliff by men worWng on the latldor itatdf. The cliff is ot>m|)o»ed of a very cmijfwict 
chalk, 121 lha. to tho cub. fl., dipping to the north at an inclination of alKiut 15% and inU^rsccUd 
hy veins of flint at inU^r^als of afsHit 15 or 20 ft. Its height yens at the aito of the western mine 
205 ft., and at tho other 225^ ft., above high-water mark. The section at the first of tlu**M> sjiots 
was nearly vertical ; fur the whole height at the second it was only art for aliout HO or 1.10 ft. A 
mound of chalk, that had fallen a few days Ixdore just at the spot, affordinl, when lovelkd on the 
top, a base 14 or 15 ft. alx>m* the lieach, on which to en'ct tlic scaffolding. As soon as tho men 
hid penetrated a sufficient distance into the cliff to bo able to work in si'curity, the scaffolding was 
strcngtheiioil, aud a convenient platform with 
a step-ladder construchd for use during tho 
remainder of tho operation*, Fig. llGfl. To 
this scaffolding aas also fixed a cmne-post 
and derrick ca|¥ible of lifting nmrly half a 
ton, by m««n.'t of which tho sarid-liags and 
chalk used for tamping were raiiKd to the 
mouth of the galler)’ by a crab on the top of 
tlie motiml. Hoc Figs. 1175 to 1177. 

At the eutranec, a cave of the dirocnKinns 
shown by Fig. 1176 was formal, for the pur- 
[KMie of keeping all tools and maU^rials out 
of th<? way of the men working at the gallery, 
and this space sulN>o(|nently proved of the 
greatest service, as a depiM for the powder, 
sand-bagB, and chalk, licforo they could be 
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passed along the gallery ami branches. Rimilnr advantage was found from a recess. Fig. 1176, nt 
the end of the central ^Ilery, formwi by its pndongation, originally a.s tho mode of niriving 
at the spot where a third service of 2fKK) llw. was pn»|>ot««'d, which was afterwards considenvi 
unnecessary, and the further advancement of the gallery stnpixvi. Tlie use made of thew> iwn 
dept'its fully com|iensab'd for the cost of their excavation, though, had the rack Itet.'ti of a hard 
nature, smaller spaces, particularly with rt*ference to tho upper rt*cess, would luve answerc<d tho 
purpose, and would have been advisable on the score of economy. 

The men employed driving the gallery anrl branebea workwl in reliefs for the whole 24 hoars. 
For the gnllcry, three reliefs of four men each were told off; and 8uli«cf|nently for the branches 
three reliefs of six men for the two, which were carried on for the moat |«rt »imnllaneoui>ly. Tho 
hours for roliering were 6 A.V., noon, 6 P.M., and midnight, excepting at periods when the high 
spring tides prevented the relief pa^wing a projecting part of the cliff at tho nrojKT hours, when 
arrangements were made U) equalize the extra time the men were consequently employed. The 
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work was hardly ever intemipted butweon 6 a.m. ou tho Mnmlay and 0 p.m. on ^*nturday. By 
compelling t^ich relief to Ixj in Itarracks six hours Wforc their turn came for work, the men wero 
always fresh at the commeuoement of their time ; and ns the working pay was pood, and the best 
miners were thus employed, tho average auvjuut of work js-rforiued by uiglit fully cH}uallod that 
by day. 

The dimensions of the entrance gallery arc given in Figs. llTfi, 1177. The content was 
47^ cub. yiU.; tin; mte of pn^ress about lb oub. yds. in the '.24 hours. 

The main gallery of the section given in Fig. 1 17H had an area of 27 suiK^rticial ft., bo that each 
lineal ftiot gave I cub. y<l. of excavation. The average rate of progress was 8 lineal ft., tsiual to 
8 cub. yds., in the 24 hours. 

Th<r branrlu-s, of the dimensions given in Fig. 1170, ha<l a sectinu of about 12| stiperficini ft.; 
the mte of pmgniBi of the two was at first nlxmt IG ft. s 7'4 cub. y^. in the 24 hours, six men, 
as before stated, being employed in each relief, instewl of four, as in the gallery ; but as llic dis* 
tance from the entrance increased, this ratu was not umiutuined, the latter portions averaging little 
more than 13 ft. in the 24 hours. 


Entrance chamber .. 
litaiti gallery 
Branches 

From the fort'gning lUla, the general rate of prt>gr»*ss of the works mentioned alx)vo may bo 
assumed at U cub. vds. in the 24 hours, by five men c«>ustantl^ employed day and night. 

In corii{)artng the progress of the gallery and branch^, it appears tlint the former advanced 
at the rate of 8 ft. in the 24 hours, and (ach of the latter, though h;ss than oKe-half the area, at an 
average rate of only about 7^ ft. in the i«me time. The increased distance of the branches from 
the entrance would {mrtly account for this difference ; but it is, in a great measure, to l>e attrihut(.d 
to the slow pn>gn‘SH made by miners when a'orking to a dii^vantage In a very confined space, 
ilad these branches been 5 ft. 6 iu. high and 3 ft. G in. or 4 ft. broad, it is prolnble that they would 
have bceu oompleUd in rather less time than wAsoccupi<xl by the smaller size mlupted, particu> 
Ifirly as no guujioa'dcr was used ; the subsequent tam]>ing would, however, have been propurtiunally 
increased. 

The chambers for the two lower mines were cubical, the side of tlie cube being 7 ft. 2 in., and 
giving a content for the two of 27 cub. yds., Fig. 11G7. The time occupied in their excavation, 
anti in s({uaring tlieir fi<M)rs and sides to receive the ioists And uprights to support the rough 
planking with wliich they were lined, was about 138 hours, making the rate of progrt^ss only 
4 cub. yds. in tbe 24 Lours. 

Thu five shafts sunk for tlie five mines of GOO lbs. each, intended to have boon fired simul* 
tancously, dirtci/y after tbe ignition of the lower mimsi, wen* 40 ft. deep, and of the seidion 
shoan in Fig. 1180 having an ascent of about 19 su]>erficial ft. Tbe total con' 
tent tif tbe five was about 140 cub. yds. 

Three men were generally employe*! upon each shaft. The stuff brought up 
was piled round the mouth of the shaft, ready for tamping, and no gun|x>wdi-r 
was used, the chalk being of a much softer character than in the gallery, and 
nut interseetid in the samu manner with fiiut. The task «>t to each gang of 
three men for the greater |»art of the work was 2 ft. G in. for every G hours. The 
average rate of progress for the first three shafts was 3 ft. 7 in., e*|ual to nearly 
2|i cub. yds. a day. The two last sliaft^ which were only decided ui»nn within a few days of the 
explosion, were lairitd ou during the night by reliefs. Their progress in the 24 hours was nearly 
G A = about cub. yds. each shaft. 

The returns at the ls>tti)m of the shafts, and the chambers for the powd<*r, were as shown in 
Fig. 1181. The difiiculty of working in so confined a s|sux-, and the tmiihlo 
of wjuaring the returns accurately so as to a*lmit the boxes containing tho 
powder, werti the causes of gnat increase in tho expense. 

This dtrrciiotu of the gallery ami hmnehes were laid out by a thco«lo1it(\ with 
reference to a line assumed as fiarallel to that joining the cimtros of the two 
charges, fixed during tho previous survey of the ground, and the inclination of 
their fiuurs was tested by a inasi)U*s level, tho miners being provide*! with a 
rough level adjusted to the re*|ULrod slope, to direct them during tho progress 
of tlie work. 

The tools used in the main gallery were tho common miner's pick, and a large 
shovel, for which, in the branches, a mining shovel, 2 ft. 3 in. long over all, 
was sul>stitiit(d. Wheelherrows were found mon^ manageable in tno gallery 
than miners’ trucks, which, owing to the very great inclination at which tho floor was driven 
(1 in 3), were very difficult to hold back alien *duiC4>itding the s1o|m: filled with chalk, and to draw 
them up empty, la tho braiichea, which had a rise of i in 9 to 1 in 10, trucks were always used ; 
the recess at the end of the gallcrj', already alluded to, being found very useful for turning them 
and for keeping tools out of their rt^. 

VeHti/uti'JH . — The air was so pure in the whole of the galleries, and even in the chamWrs, that, 
excepting when the miners were actually at work and the candles burning, no artificial ventilation 
was rotjuinxl ; bad any quantity of carbonic acid gas been present, it would, owing to the steep 
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inclination of the main ffallery, have flowe«l oufwanls along the floor towards the entrance, and its 
place have be«>n Kiippli<^ hy a stream of fresh air along the roof of tho gallery. In the hmnehes 
this efibet would have l>een miioli lettstmed, from their more gradual rise; and in the ohaniU^-ra, 
which were sunk Mow the level of the flor>r of the contiguous hranebes. the heavy gas would 
have setllwl immediately ; but in this instance the air on the floor of the chambers n|t{H>Ared as imre 
and light as at the entrance. The nir>pump hy which the ventilation was efl!ect(.>il had oeen 
used for exhausting the foul air at tho bottom of a deep well sunk in the neighliourhond of 
Brighton; and, by mounting it U(»ou a rough stand, it was made available in the gallery and 
branclu'S. The tube, secured to the wall alx>ul H ft. above tho floor, was, for tho whole length of 
the gallerv, part of the old wooden pipe that belonged to the air-pump ; but in the branches, gutta- 
percha tub^, of in. diameter and A of an in. thick, were mane use of. 

By adding length after length to these, aa required, the hot impure air breathed by the miners 
at work was drawm off by the air-piunp, which, in fact, was all the ventilation mtducl. Had tho 
air beevune foul as the miners advanced into the cliff, this air-pump would not have been suftioiently 
{jowcrful for the pnrixise; to be )>re|>and for which coutingcncy, arrangements were made for tho 
use of a blowing amiantus from a foundry at Brighton, which, however, was never required. 

The gutta-pvrena tubes weighed about oz. a foot run. 

Lightin<j the (Jaileries oad Chnmf>er $. — During the progress of the gallery and branches, the 
miners worked by tho light of candles. In the accustomed manner; but to avoid any risk of acci- 
dent from the nse of lamps during the operation of loading tho mines, fixing the huisting charges, 
and laying and securing tho copper wires leading from them, a mntrivanc<> was resorted to for 
lighting the chambers by reflection from plates of bright tin tacked upon deal frames, which plan 
was previously tried and frmml hi answer pi!rfictly during their excavation. This metlusl ori- 
ginaU<d in a suggestion of Colonel licwis, founded upon a nuxle he liatl practis(xl of obtaining light 
in a magazine, by reflection from the painted copper door of the building. A boanl of about i ft. 
square was first covered with bright snisds of tin, and fixed at an angle of 45" with the dirt'otion of 
tho centre line of the main gallery, at the «|wit where the branches turned off nearly at right 
angles. The light thus first obtained by reflection from tlie whiU* clmlk was very feeble, and hardly 
perceptible near tho extremity of tho branches, excepting at one short interval in the day when 
tho sun was nearly in the line of the gallery, and its scattered rays were refleoUd from the sea 
(iiartioularly when calm) up the s1o|>e ; and the smaller reflector was thiui plnod just outside 
tno miiuth of the gallery, in such a position as to catch obliquely the first rays of the sun that the 
overhanging cliff allowed to visit tho sfKtt, which was between 10 and 11 a.m., from which hour 
till sunset, by oci'asioually moving the ouU*r ridlector and adjusting it like a helioHtnt, to throw 
the direct rays it had attracted upon the set of plat4‘s at tlio up{x>r end of the main gallery, a bril- 
liant light was reflected along the branches and into the cham^ra, wliere the smallest and most 
indistinct writing was as legible ns it would have been in broad daylight. Had the o]H!rBtiotis 
extended over a longer space of time, this outer reflector would have Uhmi fixed in a frame, and 
m<Mins contrived to render the adjustments in any way requiri'<i more easy ; but, for the short period 
it was needed, a rough plank to support it, and two or three sand-bags to retain it in the required 
position, were found sufficient. 

Ijtxtding the Mines , — The gunpowder (24,000 llis.) used for the lower mines was supplied at tho 
lowest rate at which the Battle Mills had offered to furnish merchants’ blasting powder, of good 
quality, hut inferior in strength to cannon powder in alx^ut the ratio of 9 to 13. 

It had U'cn made up in flannel begs containing 10 Um. of jiowder, nine of wliich hags were 
packed in each of the liamds, which were lined with zinc cyliudrical cases, having lids fitted to 
(^ningrs on the top, rendered impervious to moisture by a thick coating of waterproof comiKtoition. 
These wcrt‘ stmt round to SenforU Bay in a sloop, and ]audo«I, nlnKwt inmudiately after the arrival 
of the vessel (sorin after low wat<‘r),nn thel>eBch, U'fnre one of tJie martello towers which hail been 


preparcil to receive them until reimired for use. The whole number of barrels, weighing nearly 
1.30 Ihs. each, were carried by hand up the bi'ach, and storcil in the tower. The powder roi]uind 
for the mines at the bottom of the snafu sunk nls>ve the cliff, which did not form |iart of the 


original project, was not applied for at the time that the first quantity was diH|nti'luil, and, owing 
to some delay, did not amve at Scaford until within two days of the time fixed for the exph^ion, 
BO that it was only possible to load throe of the five mince of tiOO lbs. each that had been 
prciiarcd. 

The distance from the tower to the entrance of the gallerT, nearly threc-fonrtlis of a mile, ren- 
dered it necessary to employ three carts to assist in moving the powder along the bench, on ao^omit 
of the time that would liave been eonsuineKl in conveying all the barrels to the s]>ot ujKin Imud- 
barrows. A portion of tho men were*, liowever, so employed with nine barniws, and a |>arty of 
thirty saptwra, under an officer, were told off for this work, and for carrying the jtowder Imrrcla up 
the ramp leading to the foot of tho ladder, and {lassing the bags up the steps into the entraucu 
chamlier. 


As rapidly as tlie Itarrcls were brought to the top of the mound at the foot of the ladder, they 
were opened, and tho Imgs |iassed by hand up the stops by men stationed at proper distances u|«on 
them, the convenient sizo of the bags enabling this to W iM'iformitl with great ease and rapidity; and 
hy the time the men went to dinner, ono-thinl nf tlie powder had l>ecn piled up in tho outer rc«i«, 
upon tarpaulins previously laid to receive the bags. After dinner, part of the men (twelve) were 
employee passing the hags up the gallery to the inner recess, also by hand, the men l>eing sta- 
tioned between 5 and 6 ft, apart, along one of the walls, ami the galfoiy lighted in tho manner 
already described. 

Later in the afternoon, the men who had l>oon occupied adth the powder Ijarrels were maile to 
line one of the branches, sitting doam with their backs to the side of tho hrancli, and passing tho 
hags from hand to hand to the chamber, where they were built up in a cumiiact form, under tho 
eye of one of tho officers ; the chamber ba\ing been proWously floorctl, »ud lined to the height 
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of 5 ft, with rou^h planks, fastened to uprights by copper nails, to prevent the powder from coming 
in immediate contact with the chalk. 

When on<»*half of one chamber was completed, the men were transferred to the other branch, 
and both cliamltera were loaded with half their quantity of poa'der, the whole time occupied 
bv the above operations being only 0^ hours. Two sentries were then mouiitc<l at the entrance 
of the gallery, and on the following morning the work was recommenciHl, and the hading entirely 
compleietl by lialf>past 4 r.M. Before leaving work the ituuaitiing mnd*Wgs were all Hllod, au<l 
about niuety of these hoisted into tlie mouth of the gallery by means of the derrick, anil taken 
up to the upper recess, to be in readiness for commencing the tamping as soon as tlie bursting 
charges should have been fixed, and the first portion of the wires heading from them secuT(<d from 
any risk of Uung moved or injure<l, whicli was effected by passing them tlimugh tubes drilled in 
strong pieces of scantling, secured across the entrance to the chambers, and fastening thein by 
wooden plugs, and afterwards leading them along the floor of the branclu.-s in grooves cut in narrow 
■trips of jilank, covered by other i)i«os nailed over them with cop|K*r nails. 

The wlit»lu of the o])eratiuns detaile*! ahr>ve, from commencing move the powder from the 
tower to the completion of the loading of both the mines, occupied 3 carts and 30 men for 1 1 hours, 
and 12 men afterwanls for about 4 hours. 

The lines of least resistance of each mine being exactly 70 ft. and the charge 12,000 lbs,, the 
proportion the latter bore to the cuU>. of that line was about ratlicr more than was originally 

proposed (70)* = 343000 and = 12250 lbs, 

T«imptn';.—The materials used for tamping in the galleries were aand-bags (filled, some with 
dry chalk, but the greater rart with sea-sand) arui lumps of chalk. The saiid-bagH, only liOO of 
which were supplied, extenued about 30 ft. from each chamber along the branches, the remaining 
length of ahirh, as well as that portion of the main gallery which it was considered ndvimblc to 
fill np, being completed with chalk hoisted from Indow hy means of the derrick, in largo baskets 
eontaining 0 bushels, weighing about U cwt. The greater part of thu sand-bags were lifted into 
the gallery in the same manner by alings, five or six together. 

lu tlie siiafU aliove, the tamping cnnsistiHl merely in shovelling down the stuff that had 
previously l>een drawn np and pil«l round the o|H*uing, the chargi^ not Wing sufilcieiit to creatu 
apprehension of their pr^ucing any cfibct upwards, the line of least resistance iu that direction 
being 40 ft. 

The sand-hags filled with dry chalk, fret^ from any particles of flint, were used in the branches 
for blocking np each of the chambers, and extended about 8 or 10 ft. from them, so as to prevent 
the possibility of any damp reaching the tiowdcr from those fillecl with wet sand, which were after- 
wards built in promiscuously with the ntnera. 

lATge blocks Were built across at intervals, and the finer stuff tlirown in behind and rammed 
sufficiently to make a tr»Ierably comiiact mass, the wires from the hunting cliarges being secureil 
from injur>' during the o|)cration oy the manner in which they were euclose<l in the grooves 
alrcaily allud(>d to. 

'Die extent of the tamping is shown in Figs. 1170, 1177, and occupied from 18 to 20 men for 
three days, as also 12 men for one night. The dUtanco from the crossing of the branches down 
the gallery U> the s|K)t where the tamping was discontinuwl, was only 20 ft. fl in,, whicli, though not 
what wouhl lie generally considered neoestmry with moderate charges, the point A being consider- 
ably leas than the length of thi> line of least resistance from the centre of one of tlie mines, was 
thought sufficient; thu aeclion of the gallery lieing quite insignificant, when the enormous 
expansion that would be caused by the explosion of the two charges was taken into account. 
The rcvmlt proved that this idea was correct : indeed, it is probable that the effect would have 
been the same if the main galler}’ bad been left entirely o|>eD. 

In the branches the rate of progress with sand-bags was about 12 A. the hour, rather moro 
than 100 sand-bags Wing reciuirorl for every 10 ft. ; they were passed along nearly in the same 
manner as the powder, the men being necessarily placed at less distances ajiart, lunT the branches 
lit as before, by the tin reflectors. 

With loose chnlk, the rmt<! in the branches was 7 to 8 ft. an hour, equal to alwiit 3} cub. yds., 
the section Is'ing 12| superficial ft. 

In the main gallery the rate of progress for (he distance tamped, 30 ft. 6 in., equal to 30^ cub. 
yds., was about 4 ft. 8 in., dpial to 4 ‘7 cub. yds. an hour. 

The almve statement of the numlKT of men employed and the rates of progress, includes thoso 
working at tlie derrick and passing the sand-bags and chalk up to the party at work. 

In paasing the sand-bags and chalk to the end of the branches from tlie entrance chamber, 
from 20 to 24 men where reqiiire<l ; from the up|«cr recess, which was also used as a dcisit for 
these materials, 12 men were found sufficient for isissing on the sand-bags, and (amning. 

At the derrick seven men were emninyed — two at the crab, three ttillccting chalk and filling 
below, and two emptying the basket above, which was in this manner loaded with six bushels of 
chalk, lifted a height of 22 ft., and ndurnrd in 4^ niiuut4*s. The same quantity carrii'd up tho 
ladder ujion men's shoulders in half-bushel baskets occupieil about six minutes with the Hamo 
DumU'r of bands. Another advantage in favour of the <lerrick was, that there was no difficulty 
in continuing the work for tho whole day ; whereas the men could not liave stood the fatigue of 
carr}'ing the baskets up the stops for anv length of time. 

hetcriptiOH of the litliaic Jt-ittrnj, — Tli« pfisition of the miiif« above ami below is shown in 
Pigs. 1182 to 11^. The position of the battery bouse, that is, the shwl where the voltaic, batteries 
were placed, and to which tho conducting wires from the mines led, is also drawn in Fig. 1185. 

The ooaducting wires from the large mines were brought up the face of the cliff, ami then into 
the battery bouse. 
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Th« wins on coming fmm the entrance the gnlleij are pasaoJ up the (acc of the 
cliff, and ire rrpreaentod io Fig. 1167 bj No*. 2 and 4 wires. 





Nos. 2 ami 4 wires lend to the charges below. Nos. 1 and 3 are connected with 
the fire mines above through the interfiaaitioo of the mercury cups. On the word to 
imxAe Nos. 1 and 2 are attached to one pole of the battery. Nos, 3 and 4 being 

held one in each hand. On the word /re lowr mtneg^ No. 4 is connected to the other 
|H>le of the beUei 7 ,and the lower mines ejiplode. On the word /rc u/z/wr mines, No. 3 
is oooiiected to same pole as No. 4, and the five u{ipcr ones explode. If instantaneous 
explosion of ail mines be itquired. Nos. 3 and 4 sh^ld be previously tied together, and 
on touching the other |H>}e of the buttery nil the iniuc» would es|dodc simutUneou^r. 
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It WM originally in- 
tended to have fired the 
large mines below sitnnl- 
taniMiUsly by one battery, 
armnging the conducting 
wires as shown in Fig. 
118M, that ia, the wire pro- 
ceoding from the battery 
was to have been carried 
directly to. and connected 
with, the bursting charge 
of one of the lower minus ; 
from this, again, a con- 
ducting wiru proceedcil to 
the bonding charge of the 
other, which a^in was 
connected br the same 
means with the cdher wde 
of the battery. The wuole 
circuit by this arrangement 
would have bocm aUmt 3UU 


SS^Ot. IIM. tf.sMikt 



Plan of large Miues and the Gslleiies leading to them. 


yds. Subsequent exuriments have llBi. 

proved that it would have been suc- 
cessful. 'VVTic n Uie time fixed ftir tlie 
exi>l(ision drt>w near, doubts were ex- 
pressed in influential quarters of the 
safety of the plan, and aa, from want 
of time, there was no moans of proving 
its practicability by a sufficient number 
of cx^riments to remove all doubts, it 
was thought advisable to adopt the old 
method of firing each lower mine by a se- 
parate battery and a separate set of wires. 

It was originally intended to have 
fired the five mines above by the ar- 
rangement shown in Figs. 1182, 1183. 

Two mercu^ cuf« situated in a con- 
venient position, such as shown in Fig. 

1183, had each to receive one wire from 
each mine; two main wires proceeded 
from those cups to the ^ttery house, 
one from each cup. 

The object of iiie cups in this casi* 
was not omy to oconmnize wire, but to 
prevent them from being dragg^ from 
the hands of the person who fired them. 

This method was also abandoned sub- 
sequently, having the moans of firing 
each mine by a separata Imitery, as will 
be described hereafter. 

There were three voltaic bottorics 
available for the Scaford explosion. The 
two ]>riucipal ouoa were exactly similar, 

bei^ both after (Trove’s construction. Plan of the top of the CUffi showing Battery House, 

Grove s oousisted of five colls each, and the ttlu«tiou of the three Mines stove, and also the 

and b^ reference to the fibres the de- ('onducting Wires lesding from them, aa well as the 

^npUun wdl bo better understood. Figs. large Mine below to the Battery Shed. 

118(j to 1188. The description need not 

extend further than for one cell, ns the others were similar. The positive metal was xinn, ami the 
negative platinum: two xinc plates U in. by 7 in., and the platinmu t# in. hy in. Knlphuricacid 
diluted in the prrqHirtion of one mrasnre of acid to eight of water, and concentrated nitric acid, 
were the elements for generating the cloctricity. The *inc plates were nma!gaiuatr<d, and placerl 
m a porcelain cell with the diluted solphuric acid : Itctween the two plates was inserkd a cell of 
ftorous earthenware filled with nitric acid, and in this was unmersed the iilatiniim, which was 
att^hed to a bar of wood, the wooil being rather Uiickcr than the exterior breadth of the porous 
«dl ; a clamp of brass, as shown in the enlarged sketch, firmly received the two xinc plab>s, and 
swiwd them against^ the wooden bar: the oonnoction of the zinc of one cell to the platinum 
of tho adjacent one l)clDg made by sllpe of copper, as shown in Fig. 1188. 

This form of battery was very convenient, as it wmld l»e charged without difficulty and be 
arranged for firing by two people in ten minutes; and those in the liabit of using it could prepare 
it in six or seven minutes. It was also a very constant intensity battery, for at the end or five or 
six hours, which was the longest time the battery was ever kept in action here, it was in full 
strength. Ihu same acid has been repeatedly us«I for charging the battery for a (tcriod c»f twenty 
noun, with simply adding a little water to the sulphuric acid solution, aikI np to Uiat period no 
diminution in its strength bos been discovered. 
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Gn>ve*a bfttteiy, of the beforcsmentioned »ize, ia cftpablo of firing one charge at a distance of 
600 yda., or tbroagU n cimiit of 1200 yda. ; it will fire two eluirge-ii riinultAiieou^y, arranging them 
ae waa originally proposed for the larger lutnca at Beaford, through a circuit of 1000 yda^ the 
conducting copper wire being | in. in diameter, and the platinum wire in the bunting churgea 
} in. long. 

The |»nroua earthenware cells, though they have been frequently used, are as «x>d as at first. 

The rnetho)! of preser^’ing them (as nraettseO here) is, after the battery is Ukco to pieces, to 
aoak them in a tub nf water for half an hour, thus removing most of the nitric acid and metallic 
mit tliat may he in the pores, and then put them in somo fresh water for an hour or so longer ; the 
sulphate of zinc Iwing soluble in water, is removed by this means. 


use. 



The outer porcelain cells may be made of gutta-percha, which, however, though answering 
every purpoae and not being fragile, would rmuire a littlo cait' to kec)i them free from strong 
nitric acid : the dilute solution of sulphuric acid used has no etfoct on tliem. 

This batterv has many advantages : its connections are very simple, and easily cleaned, which 
are very essentia] points with a Grovc*s bottery, for the nitric acid fumes will attack bra$s, copper, 
$otfler, and all such metals as are within the range of its influence. It is very constant in its power 
on different days, for whatever intensity it has shown on one oooasion may always be confidently 
expected from it on another. With Daniell’s battery this is not the case, the temperature having 
a great effect upon it, and the ox*gullet csjjecially. 

The third voltaic battery was of Smee’s construction ; it was in chaise at Portsmoutb, and, 
thorefora, was made uso of for firing one of the small mines aliove. as it is not generally adapted 
for firing charges at great distances : it will not be nccMsnry to duscrila it minutely. 'Fhe positive 
metal was zinc, amalgamated; and the negntivc, platinized silver; the exciting fluid was dilute 
sulphuric acid, one measure of acid to eight of water being generally used. It had twelve cells, 
and was very easily charged for use. 

The conducting wire was caroposed nf tlirce strands of copper wire, .|i)| in. in diameter, twisted 
AS a mpe, and then covered with tape, and a solntion of shellac an<l varnish over that again. The 
advantage of twisting the wire thus is, tliat it is less liable to fracture, ami is more flexible. A 
ringlc strand of wire, having the same weight the yard, would convey electricity equally well, but 
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wonld soon fret hanl and unmannfrcable ; it ia very apt to hrtiik at bcndinKa, and ao brenk tlie 
eirruit ; twi^totl rope wire lias a Wttrr chance, for one or even two HtrauiU may bnwk. mkI the 
thinl be still left to iHimplete the cirruit. There was also us«h1 co]i|>er wire of single strand | and 
^ in. in diameter. 

Bfirfttwj i'hmjet. — Thmc for the larjfc mines below were 9 in. long, and rylindera 2 in. in 
diameter ; and for the smaller mimrs altout H in. long, 'riiey were loilginl in the middle of tho 
mino^ and coimecteil with the main eondueting wire, which was bmught tlirrKigh a piece of wood 
placed nenMs the entrance of the ehamber, and so jammed into it as to prevent the cliarges Wing 
dragged from their position. 

By way irf precaution, two charge* wore placed in each large mine, and rrmneoWl with separate 
conducting wires, in mae one pair might W> damageil in tamping. The length of platinum win* 
for these bursting charges was different for those in each mine, one being | in. umg, and the 
other \ in. 

It was doubtful, at the lime wlien tliew chnrgeti were placwl, by what method the mines would 
bo dred. The short length of wire had been found quite suthcicut for exphsling charges, and it 
was intendi-il to have uw‘d that if both mines had been fired by one WtU'ry ,* but as sub.-«ei|uent]y 
each mine was flrwl by a separate one, the bursting cliarges having the longer wire were attached 
to tho main conducting wire's at the mouth of the gallery, as giving a larger s^iark. However, 
either set of eharges might Imve Us*n ustnl for either im-tluxl with rnTfect success. 

The twishnl eoinlucting wire, of which there were only 500 ytls. available, was kept for sucli 
parts as wen- likely to eoim* umler the observation aud chwie ius|iortinn of the sjieetators: for 
instance, from the battery h<mac to the eilge of the eliff. and to the ton of the thrw* shafts. That 
down the face of the cliff and tlte sluifts was the single straml of thick w ire before de«erila>d, and 
coverotl with c<«rse canvas ami pitch, tempen'd with talhiw hastily made np. Kmm the immUi 
of the gallery to the bursting charges below, the* same thick wire was uwxl bare, in this w ay : — A 

I uece of di**!, 3 in. broad, had two plough gntoves run down it, in which one wire from each 
mrsting charge of one mine was plac<*d, and a fillet naiUxl over it, previously tarred. Another 
aiinilar pieco of deal had the other w'irea fmm these bursting clmrgi* fixed iu it ; these two were 
kept on difirrfHt siih*s of the bruH<h^ and bnmght down the uuiin galler}’ ou ont side. The samo 
was done with tlic conducting wires from the other mine, which were brought dow n the other side 
of the main gallery, Fig. 11H4. 

The wires proceeding from the Isittery house were |>aasp<l over the eilge of the cliff through 
two double bi'icks, tliat wen* run out on two |x»les. Tlie ]>oles were placttl alx>ut 10 ft. a]mri. on 
the ground, anti projeet4:*d over sufficiently to enable the w ir«*s to elenr the face of the cliff. Onu 
wire from each mine was run through vueh double bh>ck: thus the pair )>elonging to each mino 
were kept 10 ft. a^iart down the face to the entrance gallery, where they were attuchc-d by 
soldering to those from their respt*ctive humting charges : previous Pi aoUlering on those win's to 
those heading to the mines, the continuity of the circuit was tested by a galvanometer : and as 
every one was complete, tbe charge having | in. platinum wire was sok'clod fur the pur{>osc uf 
firing. One Grove’s Imttery waa devoted to each large mine. 

The tliree small mines alx>ve, each cliargi*il with (iOU llw. of powder, had each a battery to fire 
tliero. the two extreme once by the two Grove’s, and the centre one by the 8mee’s alrcaily alluiled 
to. The wires wrere brought from the shafts into the battery house. ’The arrangement for firing 
was made as skf'tched in Figs. 1189 to 1191. M, M, M, M, are mercury cu|m into which the polcHi 
of tlie Grove’s liattery were plungwl. 

The o|M raton stood with their Isicks to the cliff, facing their respective battcrica, tho mercury 


cups l>eing mdween them and the batteries. 

W, and W, represent two wires, one proceeding from one large mine below, and the small one 
above on that side. W, and represent two others, mie proceeding from the other large mino 
below, and the small one on the aide above. reprettents the wire from tlie centre mine above. 

W,', W,', W,', W.', \Vj', are those correBjjomling to Wj, 

” I * I* to the same mines. hm. li«i. 

The order, for Mnjr the mine, were to eipl.de the 
largo omw first, and when it was known tlmt they had 
gone off the three small ones were to l>e fin'd. <.fn the 

word to make ready, W,, W„ W,, W,, were inserted in «iaH» 

their respective mercur>' cutia, as shown in Figs. 1189 to V V \ ^ ^ 

1191 : and W, was attached to the binding*screw of one y \ / ^ 

terminal iiole of the Smee’s batterv. . \ \i / / \ 

W W,', were held by the officer in charge of tliat // \\ d I’l, \\ 

batterv, one wire in each hand. W/, \t\', were similarly fy J,* ^ »7 

held t>y the officer over that battery, and W,' waa in ♦ 

Lieut. Cmsaman’s charge. 


Captain Frorae arranged to give the signal thus: — “f)ne. two, three, jfre." and “One, two. 
three, /re.'’’ the first fin* referring to the large mines (when the win's loailiug to those wen* to l>o 


plunged into the other mercury cups), and the second fire to the three small minea (when all three 
officers hod to complete the circuits oi>rn-sfMinding to thoM*). At the first word fire, the two largo 
niincM ex]>hHle<l, and the effect produced separated the cliff behind the three smaller mines so 


quickly as to drag all the remaining wires out of the window, thus preventing the upper ones from 
lieing fired. The wire W,, attachetl to the binding-acrew of Smee’s battery, pulled it over, and 
the shock made tho other liatteries jump on the table, mixing and spilling the acids. 

With respect to the plan originally proposed for firing the mines below, namely, by one batterv, 
and placing the cliarges in one continuous circuit, it was asserted to be an uneeriaiu method; 
becauiH*, if one platina wire was a little shorter than the other, tho short one would fire first, and, 
thus disconnecting the circuit, would prevont the ether from exploding. 
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Subsequent experimrnte (oa has been before ebiUid) Iihvc provM thU opinion erroinxma. for in 
nil triftlrt that have made at Portamouth of that mctliod of firing, the leugUi of plntiua wire 
wna always judg<xl by the eye, «ew accurab-ly mwoiurcti. 

Hut a Ba'fe monna could have been atlopted b) pivyent 
even lliU contingency, nml have placetl lieyond }) 0 (tfibility 
the chance of only one clinrge exploding. The diagram, 

Kig. 11U2, will explain ib 

The dotted lines repre^-nt the copp<T conducting wires 
leading to chai^ea C| and C, . The length of platinum 
wiro in C| may be made | in. long, that in C, f in, : and 
at points a and 6 connect copper win« of the samo thick- 
ut'ss as the conducting wirea, h’uding towards cacli otlicr, but not approaching nt^arcr than 1 in., 
and this interval connwb^l by soldering on a platina wire 1 in. long, Indwccn the two, and encasing 
it in wood to pixdect it fmm iwasible fracture in the tainning, and securing it from all stmin. 
On completing the circuit at the battery, C, would fiwo Wforo C-, l»eing j in. shorter, but the 
electric circuit through C, would still be complett; by the aid of the coumHHhma a 6; aiiniliirly, 
C, must fusi* Wfure the platina wire at a 6, being shorter by | of an in.; mid the interval lietween 
tlie oxploaion of C| and C's would not be more thim | of a soooud at the most ; indeed, practically, 
instantaneous. 

Appiiottitm of Ptrmtnmt iffbjnris to thf KxpI<mion of Minrt nnd Sivbmarinc Chanjrt. — Electro-niag- 
netiam and magneto-electricity may be explained and illustrated ns follows: A cell of Daniell’s 
battery is represent^ in Fig. 11D3; a rod of zinc A B is placed within a tube C D of porous cartheu- 


1192 . 




ware, the vessel E F being of copper. The porous tul»e C D, e<mtaining the zinc rod A B, is filled 
with a mixture of one part sultihuric acid and ten |>arts water : the space between the earthenware 
tube and the cop|>er cell K F is fiUitd with a saturated solution of sulphate of copjter; this 
saturated Holutiou is pre|)ared by pmtring boiling water on a su|H.‘rabundancc of crystals of 
sulphate of copper ami stirring them ; to this solution ono-tcnth acid ehonld be add<<d. A binding- 
screw 11 CHtnbliriboa metallic contact l)etwi*en the zinc rod A B and one end of a wire, the metals 
Ixdng clean at tlio points of contact : the other end of the wire is brought into metallic contact 
with the copf>cr cell E F by means of the binding-screw G and tlie metal sup|K)t1 1, which may 
bo either of brass or copper. 

In the coil of insulated copper wire at 20, when the positive galvanic current descends and 
passes in a right-handed spiral round the soft iron liar >i B, 20, the iron bar becomes an electro- 
magnet, the n<*rth |K>le N on the right of the oWrver. The Imr of afjfl iron N 8 loses its 
magnetism or becomes demagnetized the instant the continuous metallic circuit X, 20, 21, V, / 
is broken. Sup|Ki9i‘ the wire Ur be made fust to two metal discs L and N, 24, which do not touch, 
then the galvanic current will not circulate as the continuous metallic contaH is broken ; but tho 
instant a plug of metal, Umching ls>th the discs, is placed in the bole M, tho galvanic current 
circulates, and 8 N, 20, will lie fournl U> ac<|uire a considerable quantity of magnctiKm, the cell 10 
being charged and arrangiai as before directed. But as soon as the plug M is withdrawn, or the 
metal bar Q« 23, remove*!, the circuit is broken, and the bar 8 N, 20, losia its magnetism. Thu 
bar Q, 23, c»tablish(w metallic contact between the emls P, R, of the wire. It he &y 

thoee v4o are not a<'^thtialrcif triiA ^/ram'c e/ectricity mid frcAaiitta/ teems that jfoniive eiectrietty piuscs 
from the iotrer part of the tine rod thnmyh the fiuidt ttnd j»*roti$ jxit CD, to the cvftper o>oer £ F, and 
then coniinHe* its ctmrse X, -p, 20, 21, 22, V, 23, the fduy M, oa</ returns to the ujtper end H of the tine 
The electric current passes from the riac to the t»pprr through the |mrous jk 4 and fluids, 
and leaves tho battery by the wire (which may be of immense length) attached to tho eupjicr, 
P^ing through any apisuatus that maintains (Nintinuous metallic contact, and rtduming In tho 
battery by the wiro attached to the end of the zinc wliich is not immersed in tho fluul : the copper, 
although the negative metal, forms in this rase the /Mmtiee end (+ ) of the battery ; and the zinc, 
although tho jxwilive metal, forms tho neyatite end (— ). A piece of soft iroai, 21, when bent in 
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tho form of ft horeo-Bhoc, roimd the horns of whirh is wonml spirslljr a lonfrth of woll-insulated 
copper wire, aetiiunw ft ooiLKidcrftble quAiitity of lua^motutiu while a pilvatitc current is iiasstn^ 
thmugh tho wire: one emi of the magnet bo armngial h>eomeM tho north (»olo aiul the other tho 
sntith, if the Bpirul bo wound in the same direction thrmighoat, supposing tho horso^shno to bo 
unbent and made straight. When a galvanic ciirnmt circulfttcs round tho honis of a horac-shoo 
elcctro-mngmd 21, a picoo of soft iron K, near its emis or ladtw, will bo raised : but as anon ns Uio 

f dug of metal M, which is teclmically termtsl a contact-peg, is removed, the electnvmagnot 21 
ncoiuca tleniagm lizeiUand K is diHcngagevlor all«>wed to fail. Kloctnwnagnetsof the form 21 Imvo 
been arrangeti an that they sustaiut-d a weight nearly (spral to a ton. If a {waiitivo galvanic 
current passes along a wire in the neighlamrhood of a mngrtetic no^sUo X H, 22, the nee<Ilo will 
bo deHeotfsl, and will take a |iositiun a s. Fig. 1 1113, at rnwrly right angles to th<t wire. Hut when 
tlie circuit is broken by witlulmwing tho eoutact-iM>g Id, or by ruxnoviug the strip of metal S, 23, 
the magnetic ntt^dlo will return to its original |x«ition X 8. Tho Danish philosopher Oi'rsted, 
al>out the yuar 1K20, «liscovcre<l tho oonnootion l>etween galvanism and mnguittUm ; ho alwi illus- 
trattd his discovery by many plionomenal <h‘velojmients. In applying electro-magnetism to tho 
but»im‘Hs of teh;grophy, tlm next im|>ortant discovery was nmde by Steinheil, who found lliat 
the earth might bo ujhhI to make up half tho circuit of a galvanic current; for if a number of 
colls like 19 bo combined, so that tho Imttery uuty bo of suttieiont strength, tho discs of metal 
M, X, 24, Fig. 1 li^ may bo burirsl in tho earth at a grent distance fi(Hirt, and yet the circuit will 
l>e complete although the return wire is dis|«msed 
with. Faraday found hy experiment that the con- 
verse phenomena also takes place, namely, tlmt on 
inserting a is'nimnent uiagnet N S, Fig. 1194, into 
the middle of a helix of insulat««l wire A Z, a current 
of eh*ctricUy is gencratetl in the circuit of wire ADZ; 
the direction of the current depending upon the |k>Io 
inserted and the eml of the spiral with res)>oct to tho 
direction of its windings. 

This experiment of Faraday lias been much over- 
rated, for, when Oersted had discoveretl tlrnt an elec- 
tric current pMslucod a magnet, it re<]uire«j but little 
analytical skill to observe tliat the converse phenomena 
takoci place, naimdy, that a magnet would produce an 
electric curreut- 

Many vague conjectures and absurd theories were entertained about the mechanical action of 

F 

the galvanic and electro-magnetic currents until Ohm, a (rerman physicist, proved that I s , 

in which F = tlie electric motive force, W ss the it^sistance, and I = the intensity. Fanwlay proved 
experimentally tliat (J =«!, Q being tho quantity of electricity conveyed by the eumuit, I tho 
inteufeity, and » = the time during which tho cummt circulates. l>r. Joule oMK'rta, following out 
tho ideas of Dr. Mayer, that U = I* W j ; in which U = units of work. However, tho proofs by 
which our prcs<.*nt mechanicnl (Minivalent of heat has l»eon establisbofl are far from being intis- 
fact»>ry. Tliis experimental nroiiosition of Mayer and its convcrsi^ may or may not b»' true. The 
proofs given by Froft«eor lymunll and l>r. Joule are not conclusive. Many forms of battery, a 
variety of mechanical contrivanci^, an<l numerous forumln>, Imve lieen employed in the busiiifSH of 
telegraphy, the uaist useful of which we give elsewhere, in order of merit. Hut those develop- 
ments, except the local Iwttery of Morae, are of a very second-rate character compared with those 
we have enumemted. 



To illustrate what we have Blated with rcsiioct to the elcctro-magnot, wo will explain tho 
simple principle upon which W. Kiemeus constructed one of his first telegraphs. 8upi»oso A J, 
Fig. 1195, to be a piece of soft iron, 

BUpporte*! on an axis C at one end, 

and lifle<l by a upringF in the middle, 

so as hi proas A J upwartls against tlic p | 

metallic contact-screw I), Let tho pout- D 

live pole of tho battery B bo connected t— ^ — i 

by ft wire c with one end of tho wire- 

coil of an cloctro-magnet M M, tho ^ ^ 

other end of tho coil l>eing connect4d i g ~ ^ 

with the contart-aorow D, by ft wire , J 

e'; whileft thirtl wirec" completes tho , 

circuit; c" conni’cta the negative pole ^ M is 

of the battery with C the axis of tho *" 

piece of soft iron or amuituro A .T. 

When the circuit is Cf»mplete, tho enr- "e ^ v i— — — ■ ■« 

nnt circulates in the coils of the elec- I \ ^ J 

tro-magnet M M, magnetixes thorn, and ^ 

causes the soft iron lever A J to l>c 

attracted to the |tolcs: this oiK^ratimi 

bnwks tho metallic contact mtatHm 

the lever C J and the contact-pin I). ® 

When this occurs, the galvanic current I , 
ceases to circitlaU> in the coils of M M, ^ 


the soft iron cores of which Ijecome demagnctiwxl, and have no longer the power to retain T .T, 
which is therefore lifted by the s])ring F. But then contact is again established Ixdween D and 
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C J, «nd the ^Iranio circuit apiin completed. So that when the apparatus is properly ailjusted, 
the anft iron lever A J will continue to mnvo up and down as Ion}; as the battery and the 
mechanical arrangement remain in working order. Chie galvanic circuit may be arranged Pt give 
motion to two or more such levers as A J at the same time, which motions limy be applied to 
move pointers on dial-plates and convey hdegraphic nusuiages. 

or the property o( permanent polarity, a-as formerly suppn^ to belong to iron 
only. Imter rcacarchea show that this U to bo sliarwl, though not equally, with nickel, cobalt, an<l 
rhriimiom. Occasional magnetism may be excited in most substances, as is shown hy their 
influencing the oscillations of a freely-suspended magnetic needle. But this iiillueuce is much 
weaker in all other substances than in the four which we have named. .Vi/rcr, which stamls the 
highiwt of all the other metals, is nine times feebler in this respect than iron ; ffoid fifteen times, 
ami marble nearly twenty times more wiak. Iron aci{iiires magnetism by contact or suitable 
friction witli a magnet, by btdng suitably rubbed or struck in a proper position, by exposun> to 
ivfracUd light of the sun, and even by being left to stand in a nearly vertical jxMttion. Here it is 
enough to my that, owing to the ease with which it is accidentally develofied, it is axtremely 
ilifilcult to find in tlie shop of a philosophical iustrunient maker, for instanoo, a tool or strip of 
iron which is not in some degn'C magnetic. In all its conditions and states it is suHc*'ptible of this 
property, but devcloiw it differently in each. Thus, grey crude iron beeomt'S sooner ami more 
inbrnsefy maguetic than wliiU* iron, but yields in both Uiese regards bt wrouglit iron and sUm-I. 
Soft dnctile iron is more easily and more stnmgly magnetizable than sb'el, bat does not retain its 
magnetism as welt. A similar relation is ol)M‘rvabIo between untein|)ered and tcmjiered ide«>l. 
The magnetism of iron may be weakened nr lost hy methods similar to those which originally 
impressed it. The filings of a magnet are less magnetic than the solid mass. A heavy sutidim 
blow or sliock against a liard body will sometimes destmv magnetism. Htwt always diminishea it; 
although there an> some jicculiAritics which have been oW;rved in this regard that aro difficult of 
explanation. It undergoes deteriomtion whenever similar iiolns of two equally stnmg magnets are 
kept in prolonged eont^t; and, finally, Is always abated ny alloying with other substaneca, and 
may be aestroyed entin^ly by increasing the proportion of alloy. Arse-nic is, in this resjject, the 
ranst active of the metals, though an alloy of two-thir<ls arsenic does not entirely prevent the mass 
from being attracteil by the needle. Siusbet, however, affirms that 22 per cent, of mangancso 
cff«*etually destroys magnetism in an alloy of iron. Malleable imn is an exeidlent crmductor of 
electricity; and although in this respect inferior to copitcr and zinc among the easily oxidized 
metals, and to gold, silver, ami platinum among the others, it is yet, for economy, univerMally 
employed for telegraphic purpose.H and for lightning-rods. In the voltaic pile it follows zinc in 
the Older of eh’Otro-|*ositive metals. The ele>'tro-ta>tipietic properties of iron are very remarkable, 
in the facility with wliicli it is converted into a magnet oi gnnt emrrgy during the ixussage 
tlinmgh it of a galvanic or electric current. It is on this tliat the electro-magnotic telegraph owes, 
in part, its adaptation ami success. 

The ignition of gunpoa-der by the direct magneto-electric current, tbougli well known to be 
practicable, had, in 18fil, never lioen appHol to military or industrial operations in England, and no 
satisfactory experiments showing its jiractical applica'bility to those purjimies liatl been publislied. 

In the first experiments of Abel and Wheat^ne a powerful magneto-electric machine oon- 
stmctid by Henley was used. 

A few trials sufficed to show that, even aith this instrument, gunpowder itself could not bo 
ignited with any degree of certainty. Results obtaine<l with Stathara's and other fuzes, though 
superior to those furnished by gunpowder alone, were still far from satisfactory. 

The first experiments were, therefore, directed to the discovery of a suitable agent to serve a« 
a perfectly certain modtum or priming material for efficting the ignition o( ehargoe by means of 
the magneto-electric machine. For tliis purpose a variety of compositions of a more or less sensi- 
tive cliaracter were prepared for trial with the magnet. 

Many of these compositions ftimislud results to a certain extent favoiimble; a ntiml>erof fuzes, 
primtd with them, having been firtxl in succession with the magnet, and fmm two V> four chargee 
III one circuit liaviug bctui ignitid in a very few instances. But no perfect certainty of dischargo 
ww attained with any one of the materials, tlie attempt to fire a fuz<> l>eing frequently unsuccessful ; 
while no difference between it an<l a successful fuze containiug the same compitsition could bo 
<letecte<l hy careful examination. 

Theae preliminary trials, however, established the fact that the sen-sitivenees or rwuly explo- 
sivenotis, of a priming material was not alone sufficient to determine its success, but that those 
which poaicsse<l a certwin, though not too considerable, degree of conducting power, were more 
rea/Uly and certainly ignited than others of a far more sensitive character. 

Some successful results obtained aecidontally with one of the exjierimentAl compositions, which 
had become d&mp by ex|Kwun> to the air, UmI to a trial of the effect of moisture In pn*moting the 
ignition of but slightly sensitive compositions ; and it was ultimately found that the impreguation 
of ordinary’ gunpowder with a small amount of moisture, hy an expo<lient similar in principle to one 
ailoptid with considerable success by Capt. H. Scott, in connection with charges to l*f find by the 
iniluclion-«)il machine, renelere*! its ignition by means of the magnet a matter of certainty. 

Some important precautions wert% however, indispensable to the attainment of tliis definite 
result. If the slightlv damp powdiT were employed in a finely divided condition, it vury fre- 
Quently U>cainp cakeil between the wire terminals in the fuze, and the current would then |iaM 
through the com{io«itinn without igniting it. This wanfounrl to take place occasionally, even when 
the powtler was employe*! in its original granular condition. Several attempts were made to 
overcome this difflculty by modifying the form and position of the terminals; an<i an arrangement 
of a completely successful nature was eventuallv contrive*!, in which only the sectional surfac<« of 
the extremities of the tenninala, which consistM of fine copper wire, ^ in. diameter, were exposed 
in the interior of the fuze so as not to project at all. The prepared gunjiowder, therefore, simply 
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rested upon tho flurfaccs, and a perfect uniformity in the action of the fuze was attained. The 
priming composition c<)UHiMti>d of tinc-^ln ^uiifiowdcr, wliich had been Moaketl in an alcoholic 
•olutirju of chloride of calciutu, of a stren^h sufficient to imprt^^nate the ^^ins with fr<»m 1 to 2 
]M'r cc^nt. of that salt. The pre|>ar(?d |ioa'di>r was expOMnl to the air for a short time, to permit of 
a sufficient absorption of moisture bv the deliqueacent salt. 

Upwards of 500 quill fuzes, of t(io description employed for firing (Tuna, primM witli the pre- 
pared ^^npowder and tilted with the arrangement of tho terminals alHive referretl to, were fired 
with the largo lever-magnet. The failures did not amount to more tlian 3 percent., and were 
all prr>ve<l to be duo to defective manufacture. 

’riiis fuze a*as found to be easy of manufacture and permanently eficctive. While, however, it 
presented a certain means of cfleoting the ignition, by the aid of a powerful magnet, of single 
charges, or of a largo number to be fired in mrslcratcly rapid succession, it was inapplicable to tho 
ignithm, with certainty, of more than one charge in cir<!ult. 

A new description of priming material for the fuze was prepared soon afterwanls. which greatly 
exc(*cdcd in sensitiveness any of the other comitositious hitherto tried. A very gradual separation 
of the armature from the large magnet suftioed to eflect the ignition (rf the fuzes primed with this 
material, and the induced current obtained by means of a very small magnet, with a rotatory 
armature, such as tliat employetl in Wheatstone's magncto-cloclric telegraph, was sufficiently 
powerful to produce the same result. 

Tho fuze-head, which is of box-wood, contains three perforations. Figs. lUlti to IlOi) : the one 
passing downwards through Uie centre receives al«ut 2 in. of double insulaU-d wire a a. Pigs. IIIW). 
1200, two copper wires of 24-gauge, 0’O22 in. diameter, enclownl side by side, at a distance of 


llM. 



lur. 



lisa 



IIM. 



laoo. 



in., in a coating of guttn-i>crchn of ^ in, diameter : the other two perforations, which are parallel 
to each other on each side of the central jme, and at right angles to it, serve for the reception of 
the circtut wires. The arrangement for iM.<cnring the connection of these with the insulated wires 
in the fuzes is as follows : — 

The piece of double covered wire above referred to is originally of a sufficient length to allow 
of the gutta-percha being removeil firmi aljout 1^ in. of the wires. These bare ends of the fine 
wires, which arc made to protrude from tbo top of the fuze-heafl, arc then pressed into slight 
grofives In the wooil, provided for their protection, and the extremity of each is passed into one of 
the horizontal perforations in the lunul, in which position it is aflerwartls 
tixe<l by the introduction into the bole of a tightly-fitting piece of copjK'r p — | 

tulw, so tiiat the wire is firmly wi‘<lgcd U-tween the wood and the 
exterior of this tul>e, and is thus at the same time brought into close 
contact with a ccoufiaratively large surface of metal. It will be seen that 
it is only n»res«ary ki fix one of the circuit wires into each of theae tul>cs, 
in the opptisite sides of the fuzo-bead, in order to ensure a sufficiimt and 
|icrfi>ctly distinct connection of each one of iliem witli one of the insulati-<l 
wires lo the fuze. 

The extremity of the double covered wire, which protrudes to a 
distance of abr>ut ( of an in. fmm the bottom of the fuze-head, is pro- 
vided with a clean sectional surface by being cut with a pair of aliarp 
scissors, care being taken that the extremities of the fine copper wires are 
not urt'SKcd into crmtact by this o|>eration. 

A small cap of about ^ an in. in length is then constructc<l of thick 
Un-foil, Figs. llilU, 1201, into which is dropped about 1 grain of the 
priming material. Tho double wire is then insertisl, and prcKsed firmly 
down into the rap, so that tho explosive mixture is slightly comprewed 
and in close contact with the surfoccs of the wire U'nniiials. 

The cap is fixwl by winding a pier«* of twine once or twice round 
its upper port, tightening the ends of this, and then removing it Tho 
octuid fuze is then ready fur enclosure in a small charge of gunpowder. 

Figs. 1202, 1203. Thu powder is contained in a paper case tlcu on to 
the head, or in a cylinder of slieet tin, tightly fitting on the fuze-hi'ad 
at one end ; the other, after Uio introduction m tho powder, being closeil with a plug of clay or 
plaster of Paris. 

It is advisable to have the fuzes ready fitted with pieces of insulated wire about 2 ft. 
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in lengih, twisted tof^othar as shown in Pig. 1205. The ends of tho wires, after thev arc pasae<| 
tlmiugh the connecting holes in tho fuzolieiul, should bo tightly fixed in their position by the 
iotrotluction of a short pioce of cop|>er wire. j 2 os 

The phosphide of copper fnxo f'»r firing cannon, Fig. 1204, 
diflera slightly in its construction from tho mining fmee. The 
fuze-bca^l is longer than in tho latter, and of such a form that the 
double covered wires, wliich are fithvl into it in tho manner 
already desrrib«Hl, are compleU-Iy enclosed in it, the lower oX' 
tremity of its central perforation still remaining free to receive 
Um top of tho quill or copper tul>e charged with powder, like 
iho nniinary tube arrangement for firing cannon. 

The priming material contatne<l in the furg) is prepared by 
rcNlncing separately to the finest possible state of division the 
Bub-pbosphide of cf>p{M>r. sulHmlphnle of cop|ior. and chlorate of 
potassa, and then mixing these powdered substances very inti* 
matelv, in the pnqiortions of 10 parts of tho first, 45 of tho 
second and 15 parts of tho third, by nibbing them woU together 
in a mortar, witn the addition of sufficient alcohol to thoroughly 
moisten tho mass. The mixiurv is afterwardM carefully dried, and 
may bo safely preserved in closed vessels nntil required 

In the experiments Bu)>scquoDtly carried on with fuzes which 
contained this composition, it was found that a slight residue, con- 
sisting principally of the coke employed, occasion^ly remain^ on the snrfacm 
of the terminals in the fuze after its discharge, an^ by forming a good con* 
ducting link betwoem them, interfered with any further effects of the magnetic 
current in other diroctionn, by the establishment of a complete circuit. 

The obstacle to the complete succcos of tho compositioii was entirely re* 
moved by tho substitution of another material, more easily acted on by the 
chlorate of iiotassa than tho coke, and answering equally well with the Utter 
08 a conducting medium, namely, the sub*enlpbido of copper. 

No instance has oociurcd m Uie discharge of several thousand fuzes, 
primed with the mixture of sub-phnsphidc and Bub*sulphide of copper with 
chlorate of potass^ in which tho tonninals liave not bWn found quite fnn^ 
from Oilherent residue after the ignition. 

Tho Bnb*phosphido of copper, whiob Is produced at an elcvatod tempem* 
ture, is a compound of very stablo character, and Che mixture of tho three 
constitnents is quite as unalterable as the explosive mixtures which arc in 
general ubo for tho preparation of wreusaion caps, and so on. Tho sUbility 
of the mixture has been snbniittoa to very satisfactory tests. Fuzes primed 
with it have lost none of their delicacy and certainty when tried moro than 
two yean after preparation. Stw Atowic Wziohtb, p. 195, 

The sul>-phoeiphidu of copper, intimately blend<^ with chlorate of potassa, 
forms a mixture in a high degree sensitive to tho cfft'ct of heat, and possessed 
at the same time of some power of conducting electricity. With the employ* 
ment, however, of magneto-electrio machines of oomparativcly low power, 
and in cases where the resistance to be overcome by the current is conBiderablo, this conducting 
property is not sufficient to ensure the ignition of tho mixture by assisting the passage of tho 
current across the Intemiption in tho metallic circuit — across the small distance between the ter* 
minaU of the wires in the fuze. It must be lx>me in mind that the striking distance, or the space 
between the terrainala across which tho enrront from oven a powerful magneto-olcctric machine will 
leap, is very small. With the largo levcr*inagnot the spark could only bo produced when the wires 
were almost in contact Since, however, it is iDdlspcnsable to tlie proper ins^tion of the wires in the 
fhzo arrangement that the terminals should be at least of an in. apart it will bo readily under* 
stood how essential to success in operations with these macliines it is that the priming material 
should possess considerable conducting power. Hence tho nceeasity of increasiiig the condocting 
power of the mixture of sub-phosphi^ of copper and chlorate of potassa; a result which it has 
been already stated was attained in the first instance hy the employment of finely powdertnl ooke, 
and afterwards by tho snbstitntion of iub*«u]phidc of copper for that substanoc. 

Many experiments were of course requin*<l to ilctermine the proportions in which it was advisable 
to employ the conducting constituent, so as to facilitate the passage of the current through the 
mass as far os possible, without interfering too much with the sensitiveness of the explosivo 
mixture, or producing an almost tierfectly continuous connection l»etwcen the two poles in tho 
fuze, and thus promoting the passage of the current so greatly os to prevent the ignitiou of the 
composition. 

Considerable difficulties were encountered in the endeavours properly (o balance these conditions, 
when attempts were mmlc, which will presently bo mentioned, to apply the mixture in qucstioti to 
tho ignition of several charges in circuit The* inmwse in the resistance of the current, consequent 
on the introduction of more than one intcmiptiou in the metnllio circuit, neceiMitated an inmoso 
in tlic condtirting |iowcr of tho mixture, which it was difficult to attain, unless at a ccmsiderahle 
sacrifioe of the st^nsitiveness of th«> composition. 

It was consequently found that when tho pre^r conditions hod been attaini'd for ensuring tho 
passage of the enm'nt tlirmigh several — five or six — fuzes in circuit, tho absolute certainty of the 
fuze, when applied in this matinor, luul boim sacrificed. Thtm, nut of several fuzes tried together, 
which ba4l Imv'D most cnri'full}’ prei>orr<l. ho os to be as far as possible perfectly alike, the current 
would ignite a few, passing througn the others without affectmg them, and w'ould thus point to 
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minute difToretices in tbc conducting powciis and eemsitivcnces of difiorcnt imrtions of one and the 
aaino quantity of the mixture^ which waa prepared in mich a way an to euaure the (^•nUvt iicwaiblo 
unifnnnity. 

The rcMults of many experiments estai;liahe<l the fact, that the proportions of iu^n^h'iita alrradv 
referr»*d to furnished a mixture poaseascsl of the hif^heHt oontliiclingjwwer attaiaable without 
detriment to the senaitiventw or ready exj>lo«iven<*«s of the matcriaL Tne certainty of iU action, 
when applied in the fiize, to the explosion of a single charge, by employing a permanent magnet 
insUail of a battery to eatabliah the current, has boen proved by the ignition of M».‘veral fuze^s, 
without failure. 8ec Figs. ll'JU, lliH. 

Experiments, made with tho aid of this composition, established the fact that the cTirrent 
nbtaimd by means even of a very powerful permanent magnet, when applied to tlie ignition of 
wveral charges arranged in successwm in one circuit, is verj' liniite<l in its jiowers. In illuBtration 
of this it may be stahd that, on trial being made of twenty-one consceutive sets of f(»ur charges, 
eighh*en of The M>ts wera |H-ife«*tly discharged ; but, in the other timtr sets, only two or thiet* of 
the charges weit^ ignited. Out of five sets, of five eharges each, only two wts weie ormiptetidv 
dischargid,' and in ft^veml ath‘mpts made to ignite six fuzes in one circuit, only four were fired 
in each case. In all these experiments, when charts hud esca^Hul ignition, the ourn-ut had }>asmd 
through the sensitive composition without firing it When the discharged fuzes were remnved, 
and the remaiiiiug ones properly connected, thev were all fired. 

It has been already statecl that no benefteial effi^ts were attained by modifying the pro- 
portions or ingredients in the priming composition, so as to diminish or iuenase its conducting 
power. 

Three charges were tliereforo the most that could lio ignited vith certnint;^ by means of a 
powerful clcctio-magnctie machine, when they were arranged in succession in simple circuit. 

Thu plan, originally trugge^stod by M. Savare, of arranging the charges in <lividcil circuits, was 
next tried, and fumisruHl far more oucoessfiil results. The simultani^us ignition of twenty-five 
charges was repcatcHllv effecUHl by means of the large magnet, each chargi* U ing connecU-d with a 
separate hrenen attaclied to the main line, which led from one pole of the magnet, and their 
connection with the earth established by means of uncovered copper wire, the extremity of which 
was wound round an iron stake driven into the ground. 

A still largtT nuraWr of cliargos (forty) was similarly exploilixl on several ocoudnns. 

These results were all obtained with the large magnet, the current hiding i^tablisht'd hy rapidly 
separating the armature from tho poles by means of a lever. By a simple arrangi iuent fbr shifting 
the conneetkm of the main wire with the cxpl«)de<l charges, from them to a si>cond series, similarly 
arranged, twenty-five were also simultaneously ignited, on allowing the armature to return to the 
poles the magnet. It was found, moreover, that the same number could fired by means of 
this magnet, even if two folds of thick brown papt'r wen> inU'rposctl Udween the poles and the 
armature, so that on depression of the lever the armature had no longer to be forcibly detached, but 
siraidy to be removid from the magnet 

^lese Bucci'ssful results led to trials of magneto-electric machines of comparatively small size, 
with revolving armatures. In the employment of these machini'S. it was of cnunio not expected 
tliat any single induced cum'Ut obtained from them sliould distribute itself among a numlier of 
fuzes place<l in divided circuit, as was the case with the comparatively much more powerful current 
obtained with the large magnet; but it was hoped that the very rapid suoccesion of currents fur- 
nisheil by them would produce a very similar n*sult, by distributing themselves over tho dififerent 
branches of the circuit with which the fuzes were connectetl, and that the ignition of the whole of 
tho fnzea, though it could not be so positively instantanmus as when the one current was diHcbarging 
tho entire number, might y^it bo efibeted with such rapidity os practically to amount to a simul- 
taneous discharge. 

The results obtained fully otmfirm these expectations. With a small borso<«hoo magnet, 7 in. 
in length, 1 in. in brca<Uh, and 1| in. in thickness, providud with a revolving annnturu and 
multiplying wheels, by which great rapidity of motion could bc' attained, twenty-five charges were 
fired : tnc efiVet of the discharge on the ear m as, however, not like that of one single explosion, as 
was the case in the former experiments, hut like tlrnt of an exceedingly rapid volley, in wliicli tho 
explosion of any single charge could not be distinguished. 

RtUl morv favourable nwults were obtained with a very compact arrangement of six magnets, 
each about half the size of the above, devised by C. Wheatstone, lor the production of an extremely 
rapid succesMioD of currents, established in such a manner that tlie effect would be almost equal to 
a continuous current. 

It consisted of six small magnets, to the poles of which were fixed soft iron bars surrounded by 
coils of insulated wire. The coils of all the magnets were united together, so as to form, with tho 
exh^nuil conducting wire and the eartli, a single circuit. An axis carrie<l six soft iron armatures 
in succesainn before each of the coils. By this arratigrment two advantages were gained ; all tho 
magnets simnltancously chargtd the wire, and produced the effect of a single magnet of more than 
six times the dimensions, ami at tho same tiiuo six shocks or curre-nts were gi.u< ra(ed during a 
single revolution of the axis, so that, when aided by a multiplying motion ap])lied to the axis, 
a Very rapid sucoHstiou of powerful currents vras produced. A single large maguet with a rotating 
armature could not bo made to produce the same successioa of currents witliout the application of 
conHtdcrablc mfrelianical power. Another peculiarity of this npmratus was that the coils were 
stationary, and the soft armatures alone were in motiem; by this nisiKwition the circuit during tho 
action of the machine was never broken. In the usual magneto-efeelric machinis with rotating 
armatures the circuit is necessarily broken twice during ever)* revolution, and this frequently gives 
rise to irregularitim in the production of the currents. By the c<mstnictioD adopted, the currents 
can never fail to traverse the circuit. It must lie bonie in mind that our account of this investi- 
gation is taken, with some alterations, from an infla ted report to the becrctary of 8tate for War, 
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by WhcftUtone and A)>et. Such documents arc generally cooked up. See * Professional Papers 
of the C.K.K.,’ vol. x. 

The total weight of tho instrummt. enclosed in a cose, was 32 lbs. 11 oz. It was enclosed for 
tranHport in a small pocking-4^uH% weighing alx>iit 7 llw. 

Tlie Bjstem ijf firing ohargea by meanw of ningneUKeleclricity, with the aid of the phosphide of 
copper fuze. lm>dng Ix-en thus far suooeasftilly deveinped, a series ex|>eriment8 was instituted on 
it at Cluithan). for the piiriio64> of tlu>mugbly U'sting its cerUiuty and npplicHhUity in the fiidd, and 
8uhH(><{tient]y for ascertaining the exh*nt to which it admitted of application to the explnaion of 
submarine chargtw. These <-xperinunits extender! over a period of six months, and were performo<l 
under various conditions of weather. 

Tlko magnetic n|jparatus employed in all the field experiments was so anwnged that the whole 
apparatus was cncinsed in a Ijox, the only exposed portions bc^ing the binding-screws for the atiat'h- 
ment o{ tho wires, a handle for stdting the armatures iu motion, and a key, by tho depression of 
which, at a given signal, the eirenit could be complete<l. 

To emplnv tho instrument at any moment, the following were the operations necessary : — 

Tho insuiated wire and the copiier wire passing to t!^ earth (the earth taking the place of 
the return wire) were fixed to the apparatus by means of tho binding-scn>ws ; the instrument was 
raised from tho ground by being placed on its packing-case; at that height a man could ojierato 
with it when in the kneeling porture. 

At a signal ready, tho handle was turned with one band, so as to canse the armatures to revolve 
with tho gnatest ]iOMtible velocity ; whilst tlie other hand «*as prrvMiMl against one oomer of the 
instrument, clf«e to the key, so as to steady the box, and to bo ready at the signal fire to depress 
the key with the thumb. 

The connection of the instrument with the eartli was effected as follows ; — 

A moderately clean spade was selected fW)m among those used by the men in digging holes for 
the charges. One end of a piooc of stout copper wire was placed under the edge of the spade, in 
such a manner that when the lath*r was firmly forced into the gn>und it was presse^l by the earth 
on both sides against the iron surface. The protrnding wire was wound once or twice round tho 
bottom of the sp^c-handle, and then attached to tho binding-screw of the permanent magnet. 

The gutta-percha-et)venxl wire used in the exiMTiments having b«m in occasional ser>'ice at 
Chatham for some years, the coating had sustained some injury in two or three places. Such 
defects w«>r(f pnit4>cted fmm possible contact with the earth by means of waterproof cloth or sheet 
india-rubber. The total length of wire used was 881 yds., of which GOO were extended, lying along 
the gmnnd. 

To the extremity of the eovered wire a number (from 12 to 25) of pi<-04*a of similar insulah'd 
wire, varying in length between 3 and 6 yds., and serving to eonnect it with the individual 
charges, were attached in the following manner: — About 6 in. of tho extremity of the main wire 
and of Mch of tho branch wires were laicl bare, and cleansed : the end of the former was then 
surroimdid with thorn* of the latter, placed in an opposite direction, and the whole tightly 
twisted together by means of pliers, so as to be brought thoroughly into meUllic contact with e«ch 
other anil with the main wire. The twisted wires were then bound round with niotleraUdy fino 
copper wire, which wos ma(le to bring every portion of llu' exterior of tho bundle into coniux*tion. 
The joint was made rigid with pieces of stirk tied against it, and the whole soouic-ly enveloped in 
a piece of wnten>r'*'*f cloth or canvas, to protect it from damp and contact with the earth. 

These wmnectinns, though of n verv rough d*‘acription, and most readily prepared by any 
soldier, were thoroughly cfK'ctual. No instance occtim^Nl in the whole of the exjjeriments of the 
failure of a charge which could be attributed toon iinjierfoct metallio (xnmectiun of iU branch 
wire with the main wire. 

The following was the method adopted for connecting the fuzes witli their respective branch 
wiit>8 ami writh the earth 

The fuzes, as they were manufactured, were always fitted, as shown in Fig. 1205, with two 
pieces of covered wire twisted tog»*ther. They were thus ready for insertion inU> the l«g or other 
n'ceptacle containing the charge of gunpowder, the ends of tho covered wires protruding from the 
opening of the latter to a eonvonieni distance for effecting the junction with the branch and earth 
wirva, so that a complete galvanic circuit might be cstabli^ed, which was excited by the ijormanent 
magnet. The extremities of one of the other fuze-wires and of a bmneh wire, from both of which 
the gutta-iiereha was removed to a distance of about 2 in., were connected by hooking thorn 
flnnly one in tho other with pliers, in the manner shown in Fig. 1200. A piece of fine copper 


binding wire, about 6 or 8 in. in length, was then twisted over the whole of the connection, 
and the joint was finallv endoscsl in a small wrapping of oiled canvas, in a manner similar to that 
adnp^ at the principal jtinetinn with the main win*. 

The extremitv of the other fuze-wire was attached to an uncovered copper wire of sufficient 
length to bring thn whole of the charges into connection with each other in this manner. The 
wire was fixed in a convenient position by being twisted round short stakes or pickets driven into 
the ground, and its extremities were buried in the earth, Ijeing attached ciilier to spades, as already 
describcfl, or to zinc plates about 8 in. square. 

With reference to the earth-conni’ction, tho employment of large metallic surfaces was also 
provcxl, by repeated experiments at Cliatham and Woolwich, to U- superfluous. The simple inser- 
tion into the ground m the uncovered extremities of the fnzo-wires was found to afford a per- 
fectly sufllcient connection for ensuring the ignition of tlie charges. 
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The lar^eet ntunber of cbar^ wliich it w«a atteropted to fire at onec at Chatham voa twenty* 
fire. The ignition of twelve chnrgca was repOAte<iIy eflocteU, ami with anch rapidity fin to have 
the practical eflUrt of a simultancouit diachargo of the whole. With twenty-five chargea the interval 
bota'een the firut and last diarliarge wne very decided, being certainly longer than when the same 
Ditinlier of chargea were flre«t at Woolwich with the employment of a greater length nf wire, of 
which, however, the larger portion waa coiled up, the spf^ between the earth-connections being 
only about one-half of that introduced at (.'batham; yet it was cnnaidercHl that even the ignition 
of the twenty-five chargee, at a distance of 600 yds. from the inagnet, and with the employment of 
881 yds. of covered wire, and, in mhUtioa, about 100 y«la. in the form of branch wires, wae effictod 
with aufilcieiit rapidity to allow of that number being employed in caMca where a simultaneous 
discharge wiis rHjuire^l. 

Another instance of the apparent effect of increased resistance, in the form of an increase in the 
length of wire laid out, in diminishing the rapidity of discharge, was observed in the employment 
of one branch wire of foiu* or five times the length of the others. A distinct interval was noted 
between the explosion of the other cloven charges and timt of the one attached to the longer branch 
wire. 

Experiments were made to ascertain whether, to eomploto the circuit, the employment of a 
second insulated wire, in the place of 600 yds. of CArth-onnoection, would modify the 'rapidity of 
ignition nf a number of charges, but no difference of effect was observe<l. 

It need scarcelv bo stated that, in dealing with clectrieity pro<luced by a permanent magnet, 
defects in the insulation of tho main and branch wires had to be very carefully guanlinl against. 
Heveml failures in the first experiments were eventually traced to amne defect of tImt kin<£ An 
instance even occnired, before the proper method of protecting the wnneclions of the charges with 
the insulated wires was adopted, in which tho deposition of moisture upon the gutta-pt'ndia-covered 
wire, near the charge, prevented the ignition of the latter, by forming a connecting link between 
the extremity of this wire, where it was exposed and attAche<! to llie fuze, and tho uncovered wiro 
leailing to the earth, in consec|uence of the two wires being in dontact at a distauoo of so\*eral inches 
from the fuze. 

It is therefore always a preliminary precaution of primary importance that the insulating 
covering of the wire to be employed be carefully inspeeted while the latter is being laid out f<»r use, 
and that any imperfections be protected from prutsible contact with tho earth or from the access of 
moisture, a result readily attainable by the application of some waterproof envelope to the injured 
portion. 

The experiments instituted at Cliatham with tho object of applying the current proflurod by a 
permanent magnet to the ignition of xnhuvtriw charges were attendee! with greater difficulties than 
those which sen'ed to test the system in its applicatiou to land operations ; nevertheless, the rcanlts 
ultimately attained were alim of a character to lead to definite and favourable conclusions. 

The method of establishing the conmetions of a charge with the wire and tho earth differed 
naturally in some re8i»ects fnim the mode of proceeding already described. 

The charges of powrler were containe<l in cani.sters of tdock-tiu carefully soldered so as to bo 
water-tight. Any vessels of this material such as turpentine cans, may l>e cmploye<l provided 
they be perfectly coated ituilde with marine glue, or some other description of varaiah. 

The fuze, with two wires attached os before, 
the one a few inches longer than the other, was 
inserted into the cluurge, and fixed in its proper 
position in the canister by means of n loose-fitting 
Dang, pushed a little distance into the neck, an<l 
cut on one side, so as to admit of the passage of 
the longer in8ulate<l wire, while tho bare part 
of the shorter wire was firmly pressed by the 
cork against the inside of the neck. The latter 
was then completely filled up with melted gutta- 
percha, and tne extremity or the short uncovered 
wire was bent back over Its side, so as to be 
in closo contact with the metal surface. In this 
manner the enclosed fuze was brought into good 
metallic connection with the wot earth or water 
bv which the canister would be surrounded. Bcc 
^ig. 1207. 

The insniated wire projecting from the month 
of the canister was connected with one of tho 
branch wires in the manner already described ; 
bnt, in order thoroughly to protect tho connection 
from the water in which it would become im- 
mersed, a piece of vulcanized india-rubber tubing 
of suitable length, and a tin tube rather longer 
and wider than tho latter, were slipped on to 
the branch wire, before it was joined to the 
fuze-wire : and when the junction had been 
effected, the india-rubber tube wm pulled over 
it, and tied very firmly at both ends on to the 
g^ta-pcrcha covering of the wires. See Fig. 

1208. 

A small quantity of cement, consisting of beeswax and turpentine, was rubbed in between the 
gutta-percha and the ends of jha india-rubber tube, ao as thoroughly to ensure the exelnsioii of 
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water: and finally the tin tiilm waa pnllod ovor the joint, and fixed by compreasing the ends, for 
the pnrj)OHO of imparting rigidity to the junction, and tliiw protecting it fnmi injury by a sudden 
twist or strain. iJv these arrangements the perfect exclusion of water from the charge, and from 
its connection witL the branch wire, was effectwl. In an cx^uipment prepared for effecting sub- 
marine explosions, by means of an eiectric cummt establisbed by a ]»crmaiK*nt magnet, in China, 
stout Isiga of vulcaniwnl india-rubber were provided for the reception of the charges. These l»ga 
wen* fitted with sockets and screw-plugs of gun metal. The fuzes fumiahed for uae with these 
hags were attached to two pieces of covered wire, about 18 in. long, which wore enclosed side by 
side in a cylindrical plug of gutla-j»ercha, Fig. 120U, about 4 in. long, and carefully made to form 


13M. 



one mass with the coating of the enclosetl wires. Tliis plug was maxle to fit pretty tightly into 
a thick washer of iiulia-nildx'r contained in the sf>cket of the bag. An inner screw-sxwket, which 
was bmoglit to Ixnr with groat force upfui a motal ring resting on this washer, when the plug 
hail been insorte^l, coroprwistd its internal surfoco against the latter in such a way as to ensure a 
perfectly water-tight joint. 

The first trials of these charges wore made in a shallow canal with a mud bottom, and from 
whioli at the time of experiimmt the water was receding so rnpidlv, that before the whole of the 
charges had Wn immersed several -of them were loft lialf-imtHdiUd In tho mud. Twenty-five 
charges were arrangeiU iff which thirteen were explmled, thongh less rapidly than in the ox)H‘ri- 
monts on land. On the next occasion, when twenty-five charges wore regularly surrounded by 
water, simplv resting upon the firm bed of a {smd of some depth, only four of the charges were 
czidodi^l. t^^vcral other attempts were made to fire a small numlier nf (ten and five) charges 
similarly immersed, but in ever>‘ Instance only four were ignited. A careful examination into the 
cause of the invariable explosion of so comparatively limit^ a number of charges under water led 
to the following explanation. 

It will bo remembered that the explosion of numerons charges in a divideil cirenit by tho 
m^n^eto-electrio ap]iaratus with revolving (imvifurcs is effected by tho action of an cxoeeilmgly 
rapid succession of currents. The rapidity with which they follow each oilier, however great, 
cannot eciual that with which the tenninal.i nf a fuze, cxplishd in a small charge under water, 
come into contact with the latter after tho explosion. The instant this occurs a complete circuit 
is established through the water, and any further action of tho cunvnU is at once arresteil. 

By tho time, therefore, that four charges Iim! been ignite<l in extremely rapid suocetwion, so ns 
to bo apparently exploded at once, a sufficient interval of time bad in reality elapsed to allow tho 
water to re-oeenpy the space filled for a brief period by tho gaseous products of the first oxplosiim, 
and thus to rusli in upon and complete the circuit with the terminals of the fuze. Tho piooc 
of soft iron K, when attracted by the temporary magnet 21, shown in Fig. 1103, is termed an 
armature. 

It is l>olicved that charges are genemUy so arranged for submarine operations as to l>e partially 
or completely surrounded by the objects upon which the force of the exploding charge is to bo 
exerted and that they are even at times firmly fixed in their position by Iwing partly or wholly 
imbedded in sand, mud, or some similar material. In such cases the resistance to bo overcome 
by the explosion is greater than if, under conditions otlierwiso similar, the charges were simply in 
direct contact with the water, and hence the interval is increased which must elapse before tho 
water can complete tho circuit of electricity. 

The results of some experiments nuulo at Chatham appear to show that, under such circum- 
stances, the number of charges ignitcxl at one time by the magneto-electric apparatus must Ixi! 
greater than if they were simply immersed in water. One experiment has already been mentioned, 
in which thirteen cliarges out of twenty-five were explod^ at one time, most of them being 
imbcddei! In mud. 

On another occasion the charges were placed in small pits filled with water, the canisters being 
covered in with mud beneath the latter. Nine of tho charges were firwl : the branch wire of the 
tenth was accidentally severed at tlio moment of the explosion, from its lying across one of tho 
pits. 

An attempt was made to fire simultancouHly fourteen clwrges similarly arrange*!, by the current 
obtained from a large lever-magnet, hut only seven were exploded; tho other seven were fimi 
on a secoml trial. It should be mentionc*! that the Icngtli of extended wire and the interval 
between the earth-connections were greater in these experiments than in those maile at Woolwich 
with the large magnet, in whicli twenty-five charges were fired with perfect certainty by tho single 
current obtained from it. Possibly the very pjeat difference in the results obtaine*! might have 
lKs?n partly due to some minute d<ff«!ts in the imiulation of the branch wires employed at Chatham, 
which escaped notice on the insixTiion of the wires, but sufficed to diminish the intensity of tho 
current when theai' were immersed in water. 

It is most difficult, even in a long-continued M>ries of carefully-observed experiments, to separate 
tho pure results fumi.sbid by th»> application of a system, from results whioli arc brought about, 
or at any rate greatly rooiiified, by aix^idental circumstanc<!ii. It appoarn, howeviu*, apart from tho 
latter, that in tho applicatimi of electricity (whether frictional or magnetic) to the explosion of 
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chMgM the cffccU to 1» nrrxIiKiil by tlio current are m<«lifl«l by tbu reaiebmec offered to it in 
Its along wires of very considerable length, and timt the effw ta of the current ecciu 

very much hw when tho inaulated wire U extendid than when it U employid in the form of a 


The retardation in the cxploaion of several charges in diviilod circuit by a rani.l aucceasion of 
currents, and the diminution in the numlrcr of chargiw tired by ono single isiwerful current both 
of which results were re|s«t«lly notictal in the course of the nianv extierimeiits with tho galvanic 
battery, and with the nenunnent magnet, could only lie ascribed to modiHcations in tho intensity 
of thy eli’ctririty by the pruatyr rcsiatancc whirh U encnuntoriMb ^ 

Itnbcrt Hare, Profejihor of Chemistry in tho Ifnivoniity of Ponnuylvania, waa the first who 
applied electricity to tho oxphwiou of tninea. Haro fnunJ. if au elcc- 


than the copper wire, making itart of the circuit (PR, 2.T, Fi^'. // 

IIUS), was burnt, and exph^led ^nmpowder and other explosive ^ ^ 

siibstaDces th^llI^^h which the iron wire was mwle to |kws. Hare's ^ // 

discoverv may be practically appliwl by thu following simple pro- VV// 

ccss:— Two coj>j>er wires, AH, CL), Fit?. 1210, U-iiisf procured, g| 

almut in. in diameter and 10 ft. in length, well ooverod with ; 

silk or cotton tarred, so that their insulatiuu may bo ^md. These 
winw arc twishd hij^ether for a lpti<^h a 6 of 0 in., care being taken 
to have their lower extremities, at B and 1), free, for a hrngtli of 
about 4 an in. (acparatfng them aliout | an in.): from the extremities 
B, D, tue inHulutUig envelope must lie remov«d: and a fine iron wire J 

Is stretcherl between Band D. Metallic c«mtact must be established / 

between the iron and tho coj»pt‘r. The upper extremities A, C, of ^ 

the two cnpjK'r wires are oonncct43d with a circuit. For example, if ^ 

A, Fig. 1210, be oonnoohd with P, Fig. 1103, and C witli K, the J g 

iron wire B D will be consumed as sotm as a galvanic or elc^rio 

current, sufficiently powerful, is establisluil by inserting the cuutai't- (( ^ 

peg, M, Fig. 1193. I] 11 

hxpimive CotnpoumU Fmplftyed in — Sitro~Gl»jceriM is a § ' § 

most powerful explosive agent, ami although not extensively usrd • o 

in Knglanrl, it has Ix-en nwiet successfully employed on the OmUiient and in America. It was dis« 
wveh'il by Ascagne SoWro, an Italian, in 1817, but its practical application to mining purpom-s 
is principally duo to the nwiarclu's of Alfrtd Xolxd, a Swedish mining engineer. 

Nitro-glycerine is made in the following manner Fuming nitric acid (sp. gr. about 1 *52) is 
mixed with twice its weight of the stningest sulphuric acwl, in a vessel kept cool by Uing sur- 
rouuded with cold water. When this acid mixture is properly onoled, there is slowly pourcfl into it 
rather mon* than one-sixth of its weiglit of syrupy glycerine ; instant stirring is kept iiii during Uie 
addition of the glycerine, ami the vessel containing the mixture is nmintainid at as Lw a U-mjie- 
rature as potnible by means of a surrounding of cold waU-r. ice, or some freezing mixture. It is 
ni'cessaty to avoid any sensible hmting of the mixture, otherwise the glyc«*rine, which is the swwt 
principle of oil, would he, to a mnsidemble extent, trunsform^-il into oxalic acid. When the action 
ceasca, nitnvglycerine is produced. It fonns nn the surface as an oilydooking fluid, the undecom- 
poaetl sulphuric acid forming the aubjactuit layer, owing to its greater sjx-cilie gravity. The whole 
mixture is then pound, with constant stirring, into a largi* (Quantity of cold wnWr, when the relative 
specific gravitum U<vime so altere<l that the nitro-glycerine siilmiiii^ and tho diluted acid rises to 
the surface. AfU'r the separation in this manner inP> two layers is eflt<cted, tho upper layer may 
1)0 removed by tho proct'ss of (h>cantution or by means of a siphon, and tho remaining nitro* 
fflyocrine is washed and re-wa«he<l with fresh water till not a trace of acid reaction is indicate*! by 
blue litmus paper. The final purifying proceas, pursuo<l by Nobel, is to crystallize the uitru- 
glycerioc from its solution in W(^ naphtha. This final process is not necessary when the com- 
pound is U) bo used at once. 


As )>repared in this manner, nitrtvglycrrine is nn oily-looking liquid, of a faint yellow colonr, 
perfectly inodorous, and t^mssesse*! of a swert, aromatic, and somewhat piquant taste. It is poison- 
ous, small dcMes of it imslucmg headache, which may also he prcsluced if the substance is ausorUd 
into the blood througli tho skin, and heuci! it is not desirable to allow it to ituuaiu long in contact 
with tho akin, but rather to waoli it off as soon ns ptnisiblo with soap and water, (llyo^rine has a 
a|)ecific gravity of 1*25-1 ‘26, but the nitro-gIy«‘rine has a sixvific gravity of almoet 1*6, so that 
it is a heavy liquid. It is pmcticallv insoluble in water, but it n.«*lily dissolves in ether, in ordi- 
nary vinic ^cohol, and in tnethylic uWhoI or wooil spirit. If it bo simply expose*! to omtaot witli 
fire it does not explode, although it is ao powerful as an exphnuv*'. A burning match may bo 
introduad into it without producing any explosion : the match may be made to ignite the liquid, 
hut oomlmstioQ will ceose ns aoou ns the nmteh ci-aais to bnm. Nitro-glycerine may even he burned 
by moans of a cotton wick or a strip of bibulous |)nper, as *>tl from a lamp, and as hanulcssly. It 
remains fixed and p«Tfectly unehauge*! at 212' Fulir. ; if hcat4.xl to almut .'kJCT, however, it explodes. 
It detonates when struck by tin* blow of a hammt'r, but only the part struck by the liainuuir cx- 
plodr*s ; the siintmiuling liquid remains iinchange*!. 

As the carriage of nitn*-glycerine is dangerous, many trials have Uvn made to render it 
inexplosive, and to restom its explosiveness with «x)uai readiness. Nobel's method of making it 
inoxplosive is at one** simple ana eflfociive. It is to mix with it from 5 to 10 per cent, of wooil 
spirit, when all attempts at « xplfxling it are remdertd utterly futile. Five jkt cent, of methyl- 
uloohol U said to be amply sumcieiit to transform the nitro-glyccrine into Urn iucxplosive or pro- 
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tected sUte, but Nobel now always adibj 10 |H*r cent, before sending any of his blasting liquid into 

transformation of protected into ortlinary nitro-glvwrino is elTected by thoroughly agitating 
it with wat 4 T, an<! allowing the mixture to wttlo for a short while. By this nieanu the wat«T dis- 
aolvea out the methyl-alcohol, and the mixture of spirit and water rt'ftdily riw-a to the surface^ in 
virtiu* of its low specific gravity, and can be rcmoveil \v means of a siphon, nr by simply pouring it 
off. Till* billing liquid is now ready for usi\ It would seem that tlie metliyl-alcohol is by this 
m^ns separat^ vt ry readily fnnn tlie nitrt»-glyc*'rine held in solution by it If pnjteoUnl blasting 
liquid be kept in a closed vessel, it will remain in that state for an indefinite period of time, and 
rewdy at anv moment to 1 m> nsluceil nr remlere<l fit for acticm ; if, however, it be exposed in an open 
vessel, it will regain its exploidveness, in periods of time projiortionate to the amount or degree of 


exjsisure. 

The chief advantage which nitro-glycerine possesses is that it miuires a much smaller hole or 
chamls-r than gun|x)wder does, the strength of the latter Ix'ing scarc«.‘ly one-tenth that of the former. 
Hence the miner's work, whicli, aocording to the hardness of rock, represents from five to twenty 
times the price of gun|»owder used, is so short, that the cost of blasting is often reduetvl to 50 per 
cent. The process is very easy. If the chamber of the mine present fisHurea, it must first be lined 
with clay to make it water-tight. This done, the nitro-glyoeriuo is poured in and water after it, 
which, being the lighter liquid, remains at the top. A slow match, with a well-charged percusHion 
cap at' the end, is then iiitrwlueed into the nitro-glycerine, or a fuxe, b> the extremity of which is 
attnchfd a tanall quantity of gun{K)wdi‘r, fixed immidiately over the liquid. The mine may then 
be sprung by lighting the matcli, there Ix'ing no nc>cd of tamning. ExjicrimenU wen* made with 
this new cijru{toiind in the o{an part of the tin mines of Alteiiburg, in li^xony. In one of these, a 
chamber, 34 millim^tn'S in diamebrr, was made perpendicularly in a dolnmitio rock, 60 ft. in 
length, and at a dij«taneo of 14 ft. rrr»ra its extremity, which was mwrly verticul. At a depth of 
8 ft., a vault filled with clay was fimnd, in consequence of which the l>nttom of tlie hole was tampe«l, 
leaving a depth of 7 ft. One litre and a half of mtro-glvccrine was then pourtnl in : it occupied 5 ft. 
A match and stopper were then appliid as atahHl, and the mine sprung. The (!fl!i>ct was w> enor- 
mous as to proilun* a fissure 50 n. in length, and another of 20 ft. The total effect has not yet 
been aM'^ertained, lM>cause it will require several small blasts to break the blocks that have been 
partially detached by this. 

NUi^glycerino iiaa, however, one disadvantage. It free*zea at a temiK-rature very probably 
above 9!^' Fohr., ami it is said that even at a trmperaturv of 43^ to 40^ hahr. the oil snlidifitv to 
an icy mass, which men* friction will cause to explode. It is probable, however, that the freering- 
point of the oil lies somewhat lower than is here stated, though as yet no exact determination of 
the frM-zing-point of the oil has been made. A iiews|>a|N'r from Hirsebberg, in Sihaia, givfw a sad 
account ^ an accidimt. caused by the fro*i*n oil expbxiing by friction. Nitroglycerine was tlicrv 
being used in making a tunnel. It was kept in glass vesseda, packed in straw, and placed in 
baskets, each vessel containing one-fourth to oue-<‘ighth of a humlrodweight of the oil. For 
several days tlie oil had been frozen. It was candully liandled, and pieces were se|>arato<l by 
means of a piece of wood, and put into the liore-holes, and it was found that the frozen nitro- 
glycerine ex]doiied quite as well as the fluid. One thiy an overseer at the sliaft hit upon tho 
unlucky idea of breaking into pieces with a pick a 700 or 800 lb. lumi> of the froztm glycerine. 
The blow caused the mass to explode, and the unfortunate man was blown up into the air, and 
fell Iwck into the shaft, some 40 or 50 ft. de<‘p, whilst two workmen, who were making cartridges 
a short disiaiic<> from him, luckily escaped with slight injuries. 

IhjnamiU is madf* by mixing 75 i»er cent, of iuUt>-glycenne with 25 per cent, of powdered sand 
(silica). It has l»een intr«Kluce<l by A. Noliel, whose researches on nitro-glyoerine arc so well 
known. Dynamite retains all the pro|iei1ies of nitro-glyc«iriue for blasting, but is not dangerous, 
as it may be handled frH-ly, and dtsa not exi)lode by fire alone or when accidentally subjected to 
|N>rcussir>n. In some experiments mado by the inventor, a box containing about 8 llickof dyuanato 
(equal in |K)wer to 80 lbs. of ponder) was placed over a where it slowly burne«l away. 
Another box containing the same quantity was hurled from a height of more than GO ft. on to a 
rock Is^low, no expl<«ion ensuing from Uic nmeussion sustained. J^jdosion is produced by imwns 
of a percussion cap in the same manner as with iiitm-glyrerine. 

Schwarti't Hlastimj GwkpuMrdcr . — This pontier is now much eniplnyetl in mining. Its combustion 
is slow but complete. The following analyses show why it is cheaiW than ordinary powder : — 


Soluble Milts 

Nitrate of potash 

Nitrate of soda 

The treatment by sulphide of carbon produced : — 

Dissolved sulphur 

Carlion n*nueining 

Moisture 


I. 

II. 

74*55 

74-32 

5G-22 

5G-23 

18-30 

18-00 


9-68 

7-Gl 

14-14 

15*01 

1 78 

11 


It is a ooano-grainefl jiowder, in which one |)art potash nitre is rr placed by nitrate of soda. 
In the first instance, one |«art of nitrate of soda for one |»art of nitrate of pr>tash was us«l, but 
it Was aflerwardn found bo»‘t to employ a third of nitrate of sotla. 8eo Ahtesian Wju.ls. Bati erv. 
GinpoWHEK. GrW-CoTTtW. OrDNANCS. QiARBYINU. TeLEORAPHT. Tr.SNELUNO. 

BOnLING MAttHINE. Fb., JfocAine a mettre ra buutniUvf Ger., Pfrop/avuchtHf; It a?. 
JHatxhimi tvppar 

The bottling machine, shown in Figs. 1211, 1212, is chiefly used for soda and other aerated 
waters. It was invented by the late Hayward Tyler, and it is on the continuous principle. The 


Digitized by Google 




BOTTLING MACHINE. 


oondensor ond bottling-pieoo aro ahown in section Fi^. 1211, to illustrate the internal oonstruction. 
The same letU'ra of reference refer to the siuno ))oWs in Fiprs. 1211, 1212. Fij;. 1211 is a sulo 
elevation, Fig. 1212 end elevation; one-half of the iron frame is taken away in Fig. 1211 to show 


more clearly tho working parts. The iron frame on which the whole of the worldng parts are fixed 
is removed for the same reason. Jif/trencts .*—4, cast-iron stool for pump ; c, carriage for condenser ; 
d, wrought-irun beam, with con- J 2 J 3 , 

nccting-rod to crank at one end, _ 

and side rods to the pnm|>-pis- " S * ■■■■»< ^ ' V i ' * ' • 

ton frame at the other end; | ^ I 

wrought'iron crank-shaft, with 4 a — - ;; j 

fly-wnccl and two handlea, », », ' ' ' - j 

which are used when hand-power 1 ^ 

is applied ; /, brass wheel to work 1 if' 

tho agitator ; g, copper solution ( Tolw 

pan: A, regulating cocks for gas — T 

and water, one o^j of which U ' 

shown : I, gnn-metal pomp, with Hitpl 

separate valves for gas and water F . 

in the valvc-pieces, which are I ^ 

marked A k. llie delivery-valve I 

is on tho top of tho pump; /, I r. 

solid gun-metal piston working 

underneath the pump; m, agita- S 1*1 i " » 

tor working inside the condenser JL^ | T 

to more intimately mix the gas V d | TTl ' "n 

and water together; n, bottling- I p I I I II 

piece fitted with a acrew-valvc I I— __l- _ I 1 1 

and lever-handle ; o, bottling ‘ e— ^ :Abb 

nipple; p p, copper pi|X«, tinned g 

inside, one to take the gas and wBr S 

water from the pump to tho con- I I M il 1 ^ 

denser, the other to oemvey thc-m I II B II ^ 

from the condenser to the hot- -111 ■ J ^ 

tling-pieco ; < 7 , safety-valve to // W ^ 

relieve the pniwuro in the con- ti 1 » 

denser, in which there is also a preasore-gauge, not shown in the figures, to indicate tho pressuro 
suitul to the difiercut acrateil waters. 8 , 8 , ore handles for actuating tho machine when w<wked 
by ban<I. The gas generator and gasometer, although not shown in Figs. 1211, 1212, are the 
same in all the machines employee! for a similar purpose. 

W. F. Davidson^s bottling machine, Fig. 1213, is arranged so that tho liquid to be bottled is 
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drawn from the barrel M throuj^h a raction-pi^ R by a pistna, a ralve L being arrangod ao 
EM to prevent the return of the liouid. The liquid i« let into the bottle e from the pump- 
cylinder A through the valve 0, witich ia operated by means of levers and rods. This valve 
is closed by mc^ns of a spring bar aiding automatically. Tito jdunger I) is raised as soon 
ns pressure is removed from the treaillo /: thus giving an intermittent motion the work is 
continuid. 

BOTTOMING, on BALLA8TlN(i. Fa., Empierrnf\ent ; Geb., BrnUtHung^ Bttchoit^unQ ; 
Ital., In^yrcuiiirt /nvAiiiiarr. 

8w Petdianktit way. 

BOULDKR-PAVINO. Fa., i’anf gaUi; Qaa., RolUUinpflaMUr ; Ital., Ciottolato, 

8ee Cov«rnu:cTiOM. 

BorLDEU- WALLS. Fa., Mur cn gaUt; Gaa., Rollstrin Maveneerk j Ital., Muratura di 
riottoii, 

See CoxsTBrenoN. 

BOUNDAIUES. Fa., LimiU; Ger., Orentef Ital., Con^fnr. 

In making a survey, the boundaries of tite counties, parishes, and the several csiatea, are 
required to be markwl correctly thereon: in ascertaining which, it is generally found necessary 
to procure the services of parties locally aequaintid with the gnmtid to be surveyed. 

In the case of pnqtorty divided by hedge and ditch, the brow of the ditch is generally the 
boundary ; which, of course, forms the line to bo nicnsund. In some districts ttio rtsits of the 
quicks, or the foot of the bank, forms It: a width of 15 links is usually allowed for a hedge and 
ditcb, d links for ditches between neighbouring estates, and 7 fc« those ncsirest roads, tliat is, fitun 
the roots of the quicks. Hoe Geodesy. SravEViKa. 

BOW-COMP ASS. Fa., Campas a potnpc ; Gkr., Fedrrxirkei ; Ital., Ompassino da circoti. 

A pair of com|NMSos for describing small circles with ink, is sometimes called a Owr-compnu. 
See Compasses. 

BOW-PEN. Fa., Tirr-Hijne; Ger., Rritts/etirr { Ital., Pennaa scr6nfoH7. 

This pen is ofUm termed a dryttring pen: the part of it which holds the ink is fnrmctl of two 
checks which arc bowed out towards the middle, anti n'gulatcsl by a screw. See Compasses. 

BOW-DRILL. Fa., ArcMet; Geb., PritUiogen, Fidetfrhjen; Ital., TrafMtnoud arcketto, 

Bee IIani»-T(n>L8. 

BOW-HAW'. Fa., Sdt a chanUntmeTf »ci€ en archet; Geb., ScAiDci/jKyc ; Ital., fkyMto. 

Bee Hani>-Tools. 

BOX. 

A cylindrical, hollow imn, used in wheels, in which the axle revolves, is called an axle- 
box. 

A hax^ drain is a term generally applied to a small drain with vertical sides. 8ec 
Drainaoe. 

BOXING or A 8HITTTER. 

The part into which a shutter is folded when not required for use. It is formed by the 
inside lining of the sash-fraine, Uie grounds of the architrave, and the back lining. Bee Bash- 
fbamk. 

BOYAU. Fil, liftgau; Oeb., Gang dr» lAntftjrtdtm ; ItaL., ^omo di fnaewra ,* SrAH., Itamal. 

Boyaux, or iKtyans, are small trench*^ or branches of a trench, leading to a magazine, or to 
any particular point. See FoanricATioN. 

BRACE. 

A brace is that part of a piece of framing which is subject to tension or compression, such as 
the diagonal bars of a Warren girder. It differs from a steal, which is subject to oompression ; or 
fn>m a tie, which is subject Ui tension only. Bee Bridges. 

BRACKET. Fb., Palier^ coasotr, lassoin; Ger., Unterlage, I^ager^ Conxcl; Ital., ifensoto, 
DeccaicHc. 

A bracket is an arm which projects from the face of a wall nr post, chiefly us«h1 to sustain a 
shelf, roof, coniice, or other overlianging structure. II is usually supported at the outer end by 
n strut, as A C, Fig. 1214. 

The strain hmtling to pull the 
lH“arer A B out of its socket at 
B is represented by W tan. a; 
and that }>r>rtion of the hiad 
which is traiuunittid to the wall 
along the stmt A C is repre- 
W 

Minted by ; W bfung the 

cos. a 

w^.'ight assununl to be coneen- 
Imted at the j>oint A, and a the 
angle which the stmt makes 
with the wall. When the loail 
is distributed over the bc»rer 
A B, the stmins on it and on 
the strut A C will bo reduced 
Uj one-half. The vertical strain 
or prewsuro on the wall or «;>- 

of the broket will be e<)ual to the load. A distribute<l load will cause a transverse strain 
on the b<»rer itself, in the same laanucr as n Ijcain siip{N*rttd at Isdli ends, or siipisirtcd at one 
*'*'*L»*^*'*^ fiae*! at the other, ns the case may be. In a solid bracket, «*r on<* of ornamental shape, 
as rig. 1215, the strain at B is all that is usually rc<|uirc<l, and may be ascertained on the pnn- 
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ciplo of tho lever. It will equal 


W X AB 

BC 


for a load ooncentratod at A, and one-half that 


quantity when the load is distrihutJMl. See Stbexoth or Matkhiaij*. 

In large comicea, to save plaAler it is usual to flx to the wall and ceiling, at intervals of 12 or 
14 in., brackets cut roughly to tho outline of the intendotlconuco; tlu^s laths are naihxl, to 
take the plaster of the c*irnice. The brackets in the angles are called amjtf^jnu'kett. 

The tenn bradut is also npplie^l to a pmjt-ctiiig arm which carries on its cud a ga«-lumier. 
Pieces of w»xxl fixed on tho end of tho tread of stairs over the out4*r string-board are called 
brackets; they are sometimes made oruamtoital, in which raw they are called \crtm>jhi or /uwv 
bnu'kei$i in other cases they are known ns cw< brackett. Brockets in stone are usually callcil 


cvrb*^i». 

BRAKE, OR BREAK. Fb., Frf<n; Oer., Urtmtej Ital., Frrtu>. 

A piece of mechanism for retarding or stripping motion by friction, aa of a carriage or railway, 
by the pressure of rubbers against the wheels. In Fig. 

12IG the hand-whi>el on tho spindle A, which is fastened 
to tho platform R of tho car, winds up the chain P, and 
pulls the lover B, which presses the brake-block H upon the 
wheel G, and pulls tho r^ 8, which presws the brake-block 
upon tho wheel D, and pulls the rod E, which runs to the 
next truck, whore there is a duplicate of the arrangeiiiHnt, 
shown in Fig. 1216, Thus, toniing the brake-wheel at 
either end of tho car brings an ociual pressure upon all tho wheels. 

Fig. 1217 shows a railroad air brake, invented by A. J. Ambler; it belongs to that class of 
railroad brakes in which a tousioual chain, or rotls and chains, are used for operating or applying 
|)ower from the locomotive to tlie brakes of a train of cars. 




This arrangement of Ambler consists of fixed and sliding slieavcs E, E, in connection with a 
tensional chain K, and brnke-chain G ; so that by operating the tensional cliain K a movement 
will be imimrted to the brake-chain G, to set or apply the liraktii D. D. The slack of the tensional 
chain F will lie taken up by tho falling of the sliding sheaves E, when the {«wer is n?movetl 
from the chain F, The power of tho brakes is limited and controlled by limiting the rising and 
falling movement of the skmu-t E, K, by having the axUt fr of tlie sheaves fitletl into slots a La tho 
bars I)" B". The sheaves C', O', are stationary. 

The nniuU-r of brake carriages or vans to a given train will dei>end on the inclinations 
on the line and the speeds employed: with |aMst*nger traius it hns U*en considered that on 
au average, and to ensure safety, every fifth carriage should have a brake : the engine also is 
generally reverwd to assist the brakes. It must be recollecte»l, however, that by stopping a 
train tor* rapidly, great injury results lioth U) tho pemmnent way and tho rolling stork. But 
still it is vei^ im|inrtant that those who have charge of a train should l>e able ht stop it within 
a very short distanre, when there; is risk of collision, or any other danger is apprehendid ; and 
the greater tho number of wbeubi to which brakes are applitxl, the more sjK*edily will tho effect 
be pn*duced. 

Tlie following ooDsiderations appear to be thoso which would determino the amount of brake- 
power. 

Tho forces which act on the train after the steam has been shut off are the axle friction and 
rolling friction of the train, and tho pn'ssuro of tho wind: the friction tends gradually to bring 
the train to n^at, — Uio pressure of the wind to accelerate f>r retard it, ns the case may and this 
will therefore be omitted fit^ni the conclusions to be drawn. 

To stop a train rapidly, brakes art' appliid to some of tho wheels, and the engine is rrveraod, 
Tho application of brakew prevents the wheels fr)m revolving, and introduces the friction due to 
the Weights DU the wlu^els ^ which the brakes are applied. The act uf reversing the engine docts 
not immediately stop the forward motion of the driving-wheel, but forces it to n'volve at a somo- 
wliat slower rate than that due to the speed of the train, and thus causes a friction of surfaces to 
take place betwe-eu the wheel and rail. 

Tnc axle and rolling friction of tho train may lie aasumod to lie some proportion of the total 
weight of the train : the friction of the wheels to wliich brakes arc applied may be taken as some 
proportion of the insistent weights ; fmm cxf>orimenta, it appears that the axle and rolling fricticsi 
may bo taken at ,44 weiglit the train, and the friction due to the brakes at about 

4 of tlie weights on them. 
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Uenoe, if I reprcsoot the ^rroae Iced of the train, 

«0 „ tho w«>igbtd on the whoelv to which bnUcce Kro Applietl, 

R „ the retardation in foet per socomli 

g „ tlie force of gravity, 

adJ, if the train be on an inclinu, 

~ represent the elope of such incline, 



the latter term being naed with the negative sign when tho train la descending, and the pnaitivo 
sign when aacemling, the gradient. 

If 8 = apace traver»e«l by train in coming to reat, 

V = velocity in feet per aeooud at Uio moment tho etcam ia abut off and the brakes applied, 



It ahould be obaerved that these estimates and formulas, althongh empirical, may be found 
nseful in forming rongh estimates: and that, in estimating practioallv the space of time which 
niioulcl lie required for a train to atop in, one or two seconds ahould bo allowed for time lost in 
applying the brakes. Theiw combinations will be referrod to presently. 

Speaking in general terms, a brake conaists of one or aevoral segments of wood or metal, which 
can be prtvt^ upon the circumference of a wheel, so os to produce friction, whieli, acting as a 
reKistance. rctluees tho velocity of that wheel. Fig. 121H represents a brake so oonstructed; tho 
wooden blocks <», a, n, are conncctc*! by two etrajia of iron, 
movable round a fixed point O ; the ends A and B or these two 
straps are fiuftcned to tho Mt-^nink ACB. As none of the 
censes of motion. A, B, C, are fixed, the arms A C, C B, have 
the power of a toggle>^oint. If the handle M of tho bcU-orank 
is muv<‘d in the direction indicated by tho arrow, tho blocks are 
forced to press u|Km the rim of the wheel, and friction is thus 
produce<l. which diminishes tho velocity of the wheel which is 
aupiiosod to 1)0 in motion. In order to distribute the prossuro 
over a large surface', so that the mnterials in contact bo not 
altered, the brake should necessarily embrace a sufilcient part of 
tile circle, (.'ranca, and generally all mechinos for lifting and lowering weights by means of 
bundles, are provided with a brake acting npon a special wheel which influences tlie movement 
of tho chain barrel. 

Also trains of great velocity are cither stoppe<l on inclines or their motion is retarded on rail* 
roads, as is wtdl knftwn, by applying a brake to the carriages. The brakes of cominon carriages 
are wooden blocks plac^ near the bock wheels ; by means of a handle and a screw, acting upon 
a system of levers, the blocks are pressed upon the rims of these wheels. These brakes aro 
sulistitnUHl with auvantag<r for the ancient wo^eu shoe or sabot, which is still used by oartere or 
wagoners ; the use of that shoe is to prevent the wboel from turning, and it transforms the rolling 
friction into a sliding friction, whicn is much more considerable; it pUMhices thus a rcsistanoo 
which tends to diminish the velocity of llie carriage and to prevent its ncceleratinn in descending 
inclines. But the use of the shoe is very incommodious, ana serious accidents may happen if tho 
chain, which holds the sabot or shoo, breaks. The brake acts in a more gradual manner, and its 
use in handier and safer. 

In railway trains tiie brakes act simultanenusly u|mn all wheels of the same carriage. Various 
comtinictiuns have been adtmted for that purpose. Fig. 1219 shows one of the earliest, as used 
on the Vcraaillcs railway. The equal segments a a', 66', cc\ dd", are placed at a little distance 
bt^fore and behind each wheel ; they aro suspcndoil from the frame of the carriage by nds moving 
round fixed (xdiiU. The levers m j> and n />, jointed to the middle of the arcs hb' and c e\ are 
connected at p with a vertical rod pq, which has a screw at its end, and is raised or lowered by 
means of tho nut c. The raising of the point p brings the points m and n nearer t» Uu> wheels, 
with the {H)wer of a inggle*jidiit, and tho arcs 6^' and cc* are pressed against the tirea with great 
force : the same takes place with the arcs n a’ and dif, which are (M}nneetcd with the arcs &6"and 
cc' by means of the cou)ding-rnds ac and b'tf; in this manner four arcs or blocks prew upon 
tho wheels at the same time. The blocks are either made of wood and hooped with iron, or they 

1319. 1330. 


are made entirely of iir>n. Fig. 1 220 repreaents a brake ojierotcd by ocmiiiound levers : in general, 
this latter principle of construction is a<lopt«d. 

The two brake-blocks 8 and 8', Kig. 1220, are connected with two equal lovers A B and A' B, 
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which nre ftptin fiuitonM to ft tliinl lover U’ IJ C, movablo round a ahafl O. Tlie rod C D 
oot)m«U the end O of the lever B' B C with the nut 1) D', which 10 ronml iMckwardd and fonvArda 
bv the acrc'W V ; this acrew, which can only move round ita axia< but not in a longitudinal 
direction, is tumw! by W'hccbffearinjr from the box of tlio ^uanl or bmkes-man. Therefore, by 
turning' the brake-wheel the risht, the niit I) !>' advances to the right and pulLs the points 
C and B into the aame direction, whilst the point B' is pui^hetl into the opiKMite diri'Ction, and the 
brake-blocks are consequently pretuHxl u|>on the tiws of tbo whwU. ^Fhe coupling-rod C'D', 
joiiiUvl at L)', produces an analogous effect upon the following wheels. The reverse takes place 
if the bmke-wheel be turned in the opposite direction ; that is, the blocks H, H', are then removed 
from tbo wheels. 

In order to bring the brake into full action a certain time is always rcquinxl, and numerous 
onnstnictions have been adopU‘<l for shortening this time as much as |KMwible. One methoil is 
that of employing a weight an oblong fonn with a mck and pinion on its longest vcrtioftl side : 
this weight moves iM'twmi guides in a verticftl direction, and is kept in its place by roenns of a 
click or spring. As soon as the guard removes the click or eases the spring, the weight falls, and 
turning tne pinion rapidly round its horizontal axis, transfers the motion to the brakt'-blncks, 
which act in the manner previously de«cril>ed. By means of a handle the pinion is turmnl in tlio 
opposite direction, tho weight is miseil, and again fastened in its funner position. It will be so<*n 
that the) action of tho brake under these circumstances must be ver)* rapid, and a train can bo 
stoppid in a very short time. 

But the advuntages of this very great rapidity should not lie exaggerated : a train should not 

stopped instantaneously. To ship quickly is itjua] to a sudden shock against an obstacle, and 
might produce serious accidents. M. lienlU, mining engineer, has coiiijiarL'd that shock with the 
one which the train would sustain by falling vertiadly from a certain height : Uio following Table 
gives tho results of his researches : — 


Trains. 

8pred 
an bour^ 
in Iblo- 
ntMrrs. 

ap«j 
a BFCond, 
in 

m»<rsa. 

or 

K*l>. in 
nifetrtw. 

Gumparitoo. 

Kemarka 

ftords train 

Mixe«l 

ihuwenger 

Mail 

Kxpress .. 

kM««. 

25 

30 

40 

50 

CO 

tn. 

6-94 
8-33 
11 11 
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The coiw'nuenccs of the shock of an 
expri'ss train sudib-nly stoppt'il, 
would l>e Die snm<> as if that 
train had fallen fnnn a fourth 
floor, or from a lieight of 46 ft. 


The law in Franco demands one brake-van to seven carriages nr b*«s: two brake-vans if the 
number of carriages varies betwe<‘n seven and tiru*en ; three hmke-vaus for a train of lunro than 
tirt4*(>n carriages ; the tender-brakes are not iiiclude<l in that numl>er. 

On the Turin-fieiioa railway one brake- van to two carriages of a passenger train is alloweil ; 
and tliree wagons of a g^xsls train to a bmke->*an. 

In I’nissia \ of tbo total number of wheels of a passengor train, and li of tho wheels of a 
g*>ods train, have to l>e provided with brakes, if the inclination of tho lino is not more ttian 
0'" 00.t'l the metre. For an inclinuliim Ixitwmi 0'"'{K)33 and 0'" 003, ^ and | have tube sub- 
stitiiU‘<l for tbi'se fractions, and \ and fur an inclination betwmi 0'"'00;> and O'" ‘010. 

Figs. 12*21 to 1224 reunnM'nt the arrangeiueiit of Stilmaiit’s brake. 

It is Ap)Nirent fmm these figiircw tliat the horizontal shaft ri, giip|V)rted by the brackets it, is 
moved by means a bmg lever fr, which is connected at its end, by the two nslsrc, with Dm 
nut d; this nut Ifuing raised nr lowensl by the spindle < 7 , transfers tlius its motion, imt only to Die 
lever 6 and the sluift o, but from there also by means of the forktd levers m, »i, and the nxls n, ti, 
to tho wedges r r. These wenlges are made of oust iron, and form 
two symmetrical parts, which are supisuiisi by uifnns of a joint or 
hinge ; four sliding ]«rts o, o, tw'o of which carry directly the bmko- 
}>lui'ks p,p, whilst the two others are ke‘pt in their resiKCtivc {Mwitiona 
by means of the pressure-itds s,«, serving as gtiides to the wtdgea. 

The greatest angle fnrmid by those sliding parts ami the wedges, 
during the inactivity of the brake, is 23 d«-grfca ; at the moment of 
putting the brake in action this angle U*coiiics less, since the sliding 
liarts are jiressed more towards the outside : and at tho great<>Ht 
pressure of tho we<lges against the aliding |iarU the angle is about 
ii> degrees. 

The thread of Dio brake-screw (j ought to be double, so Diat the 
lever fc, the end of which has Ut pass Diraiigh a very cormiderable arc, 
can U> niovetl as quickly as |nasible. The bmki.^-blncks which nre 
not directly fastened to the wetlges are kept in their res|)octive {Nwi- 
tious by means of the HUs{>cnsiim-rtNls t f, and the horizontal rotls u u. 

The spiral springs 1 1 keep the brake-blocks during the inactivity r»f 
the brake at a sutheient distance from the tires, aud thus prevent 
any UTmocetwarj' friction. The free action of the susjMmHion-springs 
during the sbmping of the wheels has now been obUineil simply by 
lM>nding the sliiling parts o, o, which serve as guides for the wedges 
r r, to a certain angle, nofl by making the holes in these sliding jiarts mnr(- oval : the same shape 
is given to tbo hole at the lower of the sustK)nsiun-rods ft, that is to say, where thceo nsU 
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aro faatonod to the coupling-rods is. Fig. 1225. The chief centre lines of the holes in the sliding 
fiorts fonn with the sitlo ab an angle of 10 or 12 degrees; the diameter of these bolc« is 41 milli- 
metres, their length 61 milliiiu'trcs, thus giving to tho springs a play of 20 millimetres, sufficient 
fur tho oscillatinns during the running of the wagon. 

A few wortls may bo said hero with rospcct to brako-blocks in general, and with respect to 
irem blocks in particular. Some time ago urake-bloclu were mado of mth wood, stich as elm, 
beech, (loplar, and so on, which is less susccptiblo to become polishnl by friction than iron ; the 
rapid wear and tear, however, requiring often and expensive renewing of the blocks, have induced 
many engineers to suljstitute metal, and especially iron, in place of wood. 

'rhe use of self-acting brakes in engines of Kugerth's system nniuires great care in descending 
inclines of 8 milliml'tres near Loxeville. The wooden brake-blocks of the tender catch Are very 
<»flcn, and are entirely destroyed when the train reaches the station. In order to prevent thin 
inconvenience, iron blocks have been substituted fbr tho wooden ones. 

Tho following are tht> results of tliat application ; — 

1. With wiMiuen brake-blocks the whoi-ls of the tender had to bo stopped in order to prevent 
lieating and tho ro-tuming of the tires after a run of 9000 kilomi'tros. 8inoe iron braki^-blocks 
are adopted on mme of the French railways, the wheels are allowed to turn slowly in deseoudiug 
inclines : wreral tenders have already run over 12,000 kiloak>trM without the tires of tho wheels 
roquiring to be ooohd. 

2. Tho wear and tear of the iron brake-blocks has been 14 or 15 millimUres for an average 
distance of 15,000 kilometres. 

Those results have U'cn fully confirmed hr the exjMBriments made with 8tilmant‘s brake ; and 
it has since been found that a better retarilation of the motion of tho train is obtuine*! if the 
blocks are not pressed u|ion tho wheels during tho whole time required fur tho stopping of a train, 
but aro lifted up and prosse<l upon again at very short intervals. 

It lias been, however, observed that the tires of tho wheels, especially those of the tender, and 
the iron brake-blocks used at present, aciiuire very quickly, not only the sliape shown in Fig. 122<1, 
but ofU'D deep grooves arc cut around the whole circiunfcrcnco of the tires. Theso grooves are 
productd either oy grains of sand, which find their way between the tires and tho brake-blocks, 
or by imparities of the iron. In order to prevent this disadvanta^, M. Stilmant has proixMMl 
bruki'-blocks of cast steel, shown in transverse section. Fig. 1227. The surface of these blocks, 
which comes In contact with the tires of the wheels, is divid«'<l into two equal {larts of 32 milli- 
metres width : the central groove has a width of 20 millimetres and a depth 36 luillimetrea, 
which gives sufficient room for a current of air to pa»s through. 



To find by Calculation the Presmre and Paver of this Brahe . — It will be seen from Fig. 1228 that 
tho brake is composed of a combination ^ different simple machines, which can act each separahdy, 
and transfer the produceNi effi^t suecessively from one ujsm the other, and accumulate thus a very 
considerable pressure, which it would be impossible to obtain, under tho same conditions, by one 
or the other of these simple machines alone. 

The obtained pressure is very variable, and depends chiefly upon the power 
exercised by tho guard u|>on the handle or wheel of tho screw. ir | 

Referring to Fig. 1228, and putting 

R . 0** * 220, the length of tho handle or tho radiui of the bmkc-whocl ; 
r = 0"*023, the radius of the brake-screw; 
h 9 0*" '014. the thread of tho screw; 

/ = 0’08, the coefficient of friction of the screw ; and 

P * 30^ , tho force of tho guard on tho handle or tho wheel ; ’ ^ 


im 


liti. 


ms. 



Digitized by Google 


590 


BKAKR 


, , „ 30 x 0-22 2 x 3-Hx 0-023 - 0 08 x 0 014 

rt.tuted, xo h.ve Q = x ^ 2 , 3-14 To^O^ 0-08 = 

kllosrrainmod. 

TIi 4- I'fft'clive weight of the aiiKi^ension-roilH cc = 10’' haj tn lie added t» this prosanre, ao that 
the total forre at the cud of the lever 6 U cf^ual to Q =: P| = 728 *f 10 s 744 kthigratiiineH. 
Calling, ther('for(\ 

L = 2'*’tK>5, the U-n^h of tho lever b; 
p as 80*. iU oaTi wcitflit rediwed to the centre ffmvity ; 

L, = O'" ’OTO, diatauec of eentro of gravity from the centre of the horizontal shaft ; 

/ = O'" '305. length of the small levers; 

p^ = 18*. weiglit of tlip lever nxlucfnl to ita centre of gravity; and 

/, = O'" • 200, distance of centre of gravity from the centre of the horizontal shaft ; 

the preasiire proilucctl by the lever is equal to Q, = ~ ^ Pi A . auhatituting again 

744 X 2 005 + 80 X 0-97 + 18 X 0*2 _ 

the given values, Q| = ‘ - - 0”305~~ — ~ 4431*’C*, or very nearly 4432 


kilogmmraea. 

Adding again the effective weights of the suspension-rwl* a n, of the Ijolta for the joints of the 
wwlg'-a, A‘C,, e«|unl to 53 kilogrammes, we get the total pressure ])rodu(H>d upim the wetlges, 

Q, s: P, = 4432 4* 53 ^ 44K5 kilogrammes. 

Taking, finally, the angle forme<l by the two parts of the witlgea nt the inoinetit the brake is 
applu^l, a = 19^, therefore fi s 80^ 30', and =0*18 the coefilcieiit of friction of the wedges, 

wo get altogether the considerable pressnro of Q, = ^ ^ ^ ^ x Pi, or 

“Cl T /i tang, p) 

^ tang.80^30’ 4-2 X 0-184-0-18’ X teng.80"30' 

= - — 2(1+0- isxtang, 80- SO-)- Q, = 2033 x 4485 = I2I0o talogTnmm.-,. 

which gives a pressure upon each brake-block of = 3026 kilogrammes. 


This pressure is considerably iiicnawMl by the impulse given to the blocks from the wheels as 
they rotate ; according to experiments made with the pressure or oouuHng rtsls s n, it am l>e taken 
as 4500 or 5000 kilogrammes. Now, if the coefHeient of friction of tne block be put <vjual to O' 4. 
the effort of this friction will Ite T = 4500 x 0'4 = 1800 kilogrammes, which is much greater than 
the BilheMinn of the wheels. 


TVrae rcguireil for <Ac Artinn of ^ro4c. — Although the stopping of wheels by means of screw- 

brakes is generally consideral a slow o|>emtion, yet stopping a train by Stilmant’s sysU'iu is an 
exception, on aecount of the rapidity of its action, which is as promjd as in the Ix’st constructions, 
while at the same time it jioKsessea many other advanbiges. Besidtu, the email s|Miee between the 
brake-blocks and the tires of the wheels very much facilitates the quick and effective action of 
l^tihnant’s brake. 

Supposing now that in a well-constructed brake tlie distance between blocks and tiros is 
equal to O'" *003, and taking the play Isdwwn the axle-lioxi's and the plates in which they move 
to eipta] O'" '003, we find That the friction Udween the blocks and the tires of the w1h«U only 
commences when the blocks a'ill have {humkI thmugh a distance of 0'"'003 («i); and that the 
braking of the wheels takes place immallately after a distant' of O'" -006 (which may bo less) is 
pasMfl (6). 

It U thus nf'ceasary tn deU^rmine the distance It H, c C C|, Fig. 1229, which the wedges have to 
travel Ix'forc the blocks touch the wh(x*ls. 



For thie pnrptwo wc And in tlio trinnglo E D F, nt tot, Ihnt E = -| = 1 T 30‘, nnd D F = 0- - 003 ; 

next, that E = =r 9'^ 30', and D F = 0*"-003; nnd consciiuehtly («) for the contact between 
blocks and tires; EF=BB, = DF cotnng. E, or B B, = 0 003 colang. IT SO" = 0""0I472, 
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whenwi the diatanee trnvclled by tho end of the tong lever 6, II K = 


0 014 X 2 005 


= O' 0831, 


oruL'i 

or tho nuinlier of revolutions of the handle of wheel, if tlio tlmiul of the screw is equal O'" '044, 
H = = 1'9 revolutions. For the stopping of the wheels (6), E F = 11 B, = D F coUng. K, 

B B, = 0*003 cotang. O'* 30' = 0"* 01793, whence the dtstance travellcfl by the lever. 


K Js 


0-01703 X 20G5 


= 0™1014, 


0-305 

and tho nnmlier of revolntions of tlio handle or hrake-w-hw;! n ss - 2’3. Thus the total 

distance thimigh which the end of the lever 6 has to move will be H J = O'OHJM + O'lOH = O' * 1848, 
0* 1848 

or a = =42 revoluUoua, n«|uiring about 10 or 12 seconds. An express train, running 

CO kilontitres an hour, or 16"* *66 a second, can therefore be stopped by means two of Stilmants 
brakes u|>on a length of leas than 500 metres; this result has been cormboraU-d by exp(>riments. 

fbiMlrsr/ion of, an»f Itbr* Joiu* 6.v. ihe J^rim'ipai Parts of the Brake . — Amongst tlie many [»arU 
which compose the mechanUm of tho brake, there is a certain Dumbc>r, the dimeasions of which 
ought to lie carefully calculaU><L These parts are: — 'fUe shank of the screw (o); the rtsh* tmii!^ 
milting the prossuro of the screw to the lever (4) ; the main lever (c) ; the two small levers (•/) ; 
the brako-sliaft (c); and the coupling or pressure rods (f). 

Scretp of the Stein or Shank of the Bnike (<i). — Ruppoao the minimum diameter of the stem of tho 

R J 

screw, Fig. 1230, be 0*‘ 035, and taking the same values given above, wo gctFr = — 1— , or sub- 


J . , w R, T li* , _ 

stituling for - its valne = , P c = * , whence R, ; 


10 P r 

; or introducing tho values. 


n, = 


Ifi X so X 0-22 


- = 784400 kilogrammes, or about Ok'800 to tho square millimetre. Taking 


3 14 x0 035» 

tho modulus of elasticity for the torsion, G = CCOOOOOOOO kilogrammes, wo find tho angle of 

torsion, t = I or substituting again for J its value = -^ 0-098 d*, <= or 

J Jw 0-098 ti* Q 

t = ^ = 0^ 0102, that ia to say, Of O' 30"7. 

0 098 X 0 035< X GCOOOOOOOO " 



Bf)d$ 7VwnsfBi«*a7 the Presntreto the Zerer (4), Fig. 1231.-“Tho pressure which lias to be trnns- 
mitteiL as has been ahoa-n previously, is otiual to 744 kilogrammes ; therefore for each tioir of rocis 
744 

(there being always two)— ^ = 372 kilogrammes. Wethusobtain P L* * w* J K; or substituting 


for J its value = 


4>A 

IT* 




wlumce E = 


12 PL» 


When the oorresijonding valuos are introduced, wc have 
12 V 372 V 0*0* 

E = TT-rrz — w --g = 101854G500 kilogrammes. 


3-H* X 0 02* X 0-045 


P li P li 

E = -T-^y whence t = ; or substituting tho values, 

A E A 1% 


Now, E = 


372 X 0-9 

'0*0009 X iur854(;500 


= 0«- 000365. 


I is the shortening and A the area of the transverse section of the ro<l. 

The Main J^ertr (c). Fig. 1232, — The force acting at the end of the lewr is again, as in the ease 
al>ove, P = 744 kilogrammes, besides tlie weight p of the lever, which nets at its centre of gravity. 
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The equation for cqiiHihrium will be (I* + } p) L = nr mulntitutin;; for iU value, wo 

R 6 (A* — A •) 

obtain, for the section taken in tlie central axis, (P + i p) L = ^ ^ * , whonoo 

„ GA(P+ip)L „ G X 0-17 X (744 + 40) X 2 0C5 

R — i-ULi — , or R = ^ . . — — i-— ss 303G100 kiloirnunmcs, 

6(A«_A,>) ’ 013 X (0*17» — 0 09*) ^ 

say about 3 kilo^mnUHi to a sqtiaro millimetre; for tlio section taken lieforo the centre, 

RAA» , ^ GL(P+Jp) „ 0x1-08(744 + 40) 

(I> + } /.) L = — j— , whence R = or R = O M X O i r ” 

gnuunu's. that is to say, about 8 kilo^^rammes |)cr ftiuaro millimetre. 

The flexure of the lever is obtained by the formula / = ^ 

4X7MX2 005. 


/ = — ■ :-7.- = 0"‘*007 ; say, 7 millimetres. 

20000000000 X 0 0* X 0 17* 

The Lerert (rf), Fiff. 1233. — There are also two of these levere, and they are forractl like a 
fork. The strain U|xm twch of tlicm will be 

r(I* + 4P)l>T , f(744 + 40) X 2 0G5T ooiq\.-i 

^-J - i P. = L 2 x T 865 J ~ * = kilngrammc; 

and the equation for equilibrium is thus again (P + ^ p) / = — - ; op Bubslitutinp for ^ its onrro- 

■potiding value, wo get, for the section at the centre, (P + |pi)f = ^ * 

„ (P + 4p.)6A/ „ (2213 + 4-5) X C X 0135 X 0-3G5 

K = = 013 CO-135* rF0'85») = 

to say, 2*“ 033 to the square millimetro; for the section before the centre, (P + 4 p) / = — ^ , 


. « (P + 4Pi)^6/ 

whence R “-vi , or R = 

0 h* 

8 kilogrammes per square millimetre. 

The flexure of these levers will Ikj / = 


(2218 + 4*5) X 6 X 0*298 


0*03 X 013* 


= 7824240 kilogrammes, or about 


(2213 + 4*5) X 4 X 0*365* 
20000000000 X 0 03 x 0 *135* ' 



firake~Sha/t (<-), Pig. 1234. — Tlio brako>shaft is snbmitto<l to two different strains, the one 
acting by flexure ami the other by torsion. The first one is insignifleaut, and wo tdtall only 
ooDsider the other. 

The moment of torsion for the part /, is M = (P + |p) r , which has to bo kept in equilibrium 


by the moment of resistance, M 


B, J _ R, S’ d* 


. Wo get, therefore, (P + 4 p) r = ~r; r~ 
li lb 


^ T> (P + ip)16r/ „ (744 + 40) X 16 x 2*065 x 0*90 oc-o 4 -n i i 

whence R,. , orR,. x 0-085>xl-5 = 88,31,0 k.logmmmce, 

or very nearly 9 kilogrammes to the square millimetre. 

For the part t of tlm simft, the moment of torsion is M z: (P + 4 p) r •=* , therefore, as alx>vc, 


0- -MP)^ ^ ^ . whence R. = 08 

„ (744 + 40) X 10 X 2-0G5 X 0-51 

"' = ^3- 14 xT- 083*TT5 '‘.logmmmc, 

say 4'* *5 nor square millimetre. 

Finaliv, taking O = 6600000000 kilogrammes, we find for the angle of torsion, 

I - or £ = ^ ^ _ ft..oiri4 

JOl. 0-OU8J*OL’ 0-038 X 0-083* X CtiOOOhOOUO X 1-5 or 

nhout < = 0^ O' 58". 


, (P+irtlCrl, 
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Caupiiruj or Prenxurf Path (/>. Fijf. 1233. — ^Tho pmaeiire upon Oftch bmke-block has Ixvn pro- 
Tionaly cuwertninctl to be 1500 kilf^^mmca. 



Tlio o<][nntion of the equilihrinm of these rods U P L* = t* J E ; or imMitutinR for J its 

vnluo = tf* = 0 04D1, we fiml V L* == »* O-OH)! </’ E, whence E = ■ - , or 

Cl w* O’ 0131 a* 

= 314«^x“ wwTo 05S- = 210WOOOOO 


PL 

Now,.*-^ = 


4300 X 2’0:w 


■ 0’02T5* X 3’U X 2100000000 


^ = 0 * 0019 . 


In conclusion, we give diagrams nrpreaenting some of the diflerent types of brake frequently 
OMSi. 

Fig. 123t> shows the arrangement of a brake applied to tenders on the W'ostem Railway of 
Franc**. This brake shows at the sumo lime with wuat facility eight brake-blocks may be adopted 
inateatl of two. 



Fig. 1237 shows the brake for the goods wagons on the Eastern Railway of France. 



Pig. 1238, brake ns adopted on the Northern Railway. A screw with a thread of only 12 
mUlimeircs transfers the prwssuro directly to the wedges. 
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Tho veightu of tho bmkt« of three iliffewnt syetr'iue arc 

I. F(>r the brake of the tender, Fig. with right hmko-blocke, iiliotit 800 or 950 kilo 
grnmiuca, of wkirh 2(H> kih^rammi's arc of rofct iron. 

*2. For tho iame brake with fonr blocks only, l«twcen 700 and 800 kilogrammes, of which 
Di)out 150 kilogrammra are of cast iron, 

3. For the hrakci <»f the wagons, ns shown in Fig. 1237, l)otwecn COO and C50 kilo- 

gramniee, of which aljout 90 kilogrammes are of cast irt*n, aiul 

4. For tho hand-brake, Fig. 123l>, btftween 210 and 200 kilogrammes, of which 60 kilogramme* 
ore <»f cast iron. 

Numerous brakre have been invent^fl for stopping railway carriages, but nearly all of tbrm act 
upon the some general principle, and are simply different methods of pressing blocks of wood 
against the circuiofcrence of the whei;l, so as to stop its revolution, and cause the tiro to slide upon 
the mils. 

If the whe«*l8 are all sb-^pped, tho friction of the weight of the carriage sliding upon the rails 
U the whole amount of brakiug |K)wer that can l»o obtained by any of tho plans ; and the different 
methods tistsl to accomplish this odd no {tower fur stopping the carriage’s, but are iinly different 
ways of pressing Uie brakeddooks against the tir^, for me purpose of ensuring greater rapidity, 
nertainty, and uniformity of action, reducing the eX{>ensesof repairs, and the jarring on the car- 
riage — or to inako the brakes self-acting, or worked in combination, 

The principal object to be obtained is to have the blocks always pressed square against tho 
wheels, and with a miirorm pressure on all the whewds of the same carnage or wagon; unless this 
is effocled there is great difficulty in stopping the wheels, and much straining is cntuwd upon the 
carriage. In the earlier brakes the block is sus|H!tide<l by a vertical lever from tho frame of tho 
carriage or wagon, as shown in Fig. 1240, the bhick A being nhapotl to the circle of the whwd ; hut 
the varying height of the frame of the carriage, from the variation in the weight of load acting on tho 
s|iringa[csuHes much im’fiuality in the fitting of the brako-bl(»ck the wheid, from the ivlative level 
of the brake-block and the wh(«el being changed, as shown by the dotted line D It ; also, the action 
of the NpringH is sh^pjK’d by the pressure of the brake, causing violent jarring nud ooDcussiona, 
injurious both to the carriage and the road, and being very annoying to {wisscngers. 

1240. 1241. 



Hanging Brake. 


The slide-brakes, like those showm 
in Figa. 1241, 1242, were invented for 
the plumose of re-medying tln-so de- 
fect*. The relative level of the wh«*«'l 
and tho brake-block is prescr^'ed un- 
changed, by the brakr^hlock A sliding 
horizimtally ujion a bar It B. which is 
carricf! by the axle-boxes at each end, 

C ; a difficulty U cx{)criencerl, however, in preserving an iKjual |ires.<iture on all tliO braku-blocka, oii 
account of the unemuil wearing of the tlifferent bcarin}|p«. 

Davis’ brake. Fig. 1242, consists in the arrangi ment of a scries of levers, rods, and springs, 
which are mmlc* to oprraU? niiou the brak<’« : so that when the locomotive ceases to the 

train tho brake is applied to the wheeli*, and released when the locomotive is 8larU*d. The sliding 
action is effected by the use of rtxls *, /, w, which are thrown into or out of action by the 
catch y. Tho reciprocating motion is muintaiuctl by c^uijinund levers acted u{x)n ut x, and springs 
placed at X x. 

All the al>ove brakes have, however, the serious ohjection that Hat places are worn upon tho 
tires of the whoeda, by alidiug uiwm the rails ; and the wheels comwMiuently become, to a certain 
degree, polygonal. Any deviation from the eircnlar form of the wheel l>oniiuc8 a w>rions source of 
injury Uith to the rails and the whetd, from tiie Amount of concussion* cuumhI by the great velocity 
of roiling, and the gnat weight ferric*! ; this alsrt cause* increased ex{W‘Dso in tlie wear of the tires 
and rails. 

In Ix?c'a brake, Fig. 1243. the wocslen hrako-block A is made of a triangular form, and is 
pressed both egatnat tlu; whoed and the rail by the lever B, which is centred upon the nave of the 
wheel C, by mewns of a ring or collar Htting in a circular groove out round the nave ; the nibbing 
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face of the woo»l block is »ho<l with poj»i»er or iron. Tho conncctin<r-nt«la D D Iia?o adjusting- 
Hcrcws, iu pniNTve Uie relative {Kwition uf tho bruke-block A uud thu wheel, as the surfac«] of 
tho block wenrs away. 

Tho iui>chanical nrrangcmeDt of thia brake, 
it will be pcrc<uvi<(l. ihiea not adniit of sufllcient 
prosaure Mdag applied against the wtieel ami 
the rail t^^ form an eflicient brake ; but oven if 
tho pressure were suflicicut to stop tho wheel, 
tho same objection would still apply as in tho 
ordinary brakt*, namely, flat places wunid bo 
woni on tho wheel. This brake was triwl <m 
one or ta‘o railways, but has not come into use. 

Adams’s brake. Fig. 1244, oonsists of a 
fflctlge A A sliding npon the rails, U|>on which 
tho whole weight of thu carria^ is thrown by 
lifting the wheels oflT the rails. The sle^lge A A 
is a long piece of iron, with a flange at each 
c-Dil to guide it <m thu rails, and is sus{>ondod 
by two links B B trom the iron Imr 0 0, which is 
sup{M>rUsl by tho links DD, and bears against 
the undcr-side of the axlo-liox at I'ach end, K K ; Brake, 

the links B B arc in the form of a narallcl rule, 

and when they are straighteDcd oy tho action of the lever, the sledge A A b presscxl upon the 
rails, and lifts up the wheels from their bearing on them. This hrake saves the wheels from 


1S44. 



being worn flat ; but it requires great jiower to put the whole weight of tho carriage upon the 
sledge, and is cons4*quenUy slow in action ; and there is alsri an objection to it in having the 
whtxds hanging without any sujqtort when the brake is in action. It has not come into use in 
England, but several brakes on this principle have been used in Belgium for some time prev 
viously. 

Handley’s brake, Fig. 1245. This brake is on the same ^nciplc ns the ordinary skid ust**] on 
common roads ; tho two iron arms A A are carried by tho axle B, upon which a brasa ring H is fitted, 



turning round the axle : and at the end of thuao arms are fixed the shoes or skids C C, one of which 
is made to pass under tho wheel, whichever way the carriage is running, raising it from the rails 
by turning the lever nmiid upon the axle. The shoo is mode thu breadth of the tread of the wli«»l, 
without any flange, nud tho wheel is lifUxl ouly about 4 of hu iu. on thu average, so that the flange 

2 Q 2 
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of tho wliool continued m cfnoicnl nntl hoouto a U|»nn the rnila na in the onUnnry caac of a 
wheel stopfH'«l from Tevolvinjc hy the |>it'*isurt' of ii hmkc-blnok. 1 he whoc ia made in two iiicces i 
the upiar one, (\ i» f«rK«'«! on to tl»<* arm A, bimI the lower pirn*, I), winch forma the alcid, i« 
hinp'il hi it nt tlm end. The ohji'ct of thia conatniction ia to ])revent the ahoc from touchinp the 
wheel until it ia reqiiirt*d to Ije put in action : the joint om*na nlamt J of an in., and the ahoe falla 
away from the whia-l when it ia lifted, ladiig atopp»tl hy the bolt J**, which limita the extent of ita 
o|»eninj?: nnd round thia bolt ia plact>«l a almrt apiral springs to keep the joint opc-n, and prevent 
it from ahftkin^ when the carriap* ia running. 

The wear of the ahf>e ia p.^ividwl for by inaerting two amall dove-tailcd pieces, F and O, at 
the |Miinta wtiere the weartukea place: these piiiM*« nre aliglitly lB|M-n*d, and are ilriven into their 
jilaoes from the inner aide, l>cing burred or rivetetl on tlur opposite aide, where they remain firmly 
fixed, having no teudenev U» work loose. The* lower pieee ia of WMUght iron, which ia found to 
answer lieat for the purpose ; the upis r one, F. which carriea the whwl, in of cast iron. It has very 
little wear upon it. but ia changLsl nccaaionaily for a piece of greater thickni*aa, to allow for the 
wear of the ahooplatc (J. and preaerve tlie hital thiokneas of the shoe, within very little variation, 
so as to prevent much diflbrence in the height that the whec-l ia liftid from the raila. 

Thia brake ia easily and quickly appliisl. by means of the lever L acting on the nnpor arm of 
the brake K, as the carriage nina uj>oii the shot* when it is pre««*d under the wheel. The ordiimry 
brake-acr«*w, lever, and croHa-shafl, art* available for working thia brake. 

The broke, Figs. 1246, 1247, invented by D. Otsslnow, of Albany, U.8., is very ingenionaly 
arronpsl. The oliject the inventor had in view was to ob>'iate those acciilonta that arise from 
applying the brakes of a railroad car to the outer sides of the four wheels of the truck, by a 
compact arrangement of the brakes in the centre lietwecn the wheels of the tmck.s, thereby 
expawing them to leas danger of breaking, or their jiarta la*coming deh^htnl. This arrangement 
further consists in so conatructine the brakt*-liara, in combination with the jaw»braces of tli<* 
trucks, that in caac the bars are hrtjkcn they cannot fall to the track and obstruct the wheels; 
further, in o|s rating the two brakes conjointly by the direct endwiae thriiat of a aliort con* 
nwting'bar, both bniko*blucks are made to act upon the wheels simultaneously. 



shown in Figs. 1246, 1247. 

Now we proptMM* to place the subject of thia article in a clear light, and in a plain practical 
form : since it haa been handled in an emmeous, an obscure, or a slovenly manner, by most mechanical 
W'riters and exi>erimentalists. 

A carriage on a level railroad only requires a nrcfumro of aliout port of the moving weight 
to give it inotinn. or from 4 to 8 llw. a ton. Hie hnetion is called the coefficient of friction ; 
as these cocfficienta become smaller, the nibbing surfaces o^iuc smoother. All constant rerist* 
anees may be expressed in a similar manner. 

'n»c work of every machine is consumed by the work done, or by the mteful work, together with 
the useless work, or the work d<*stroyed by the friction of the parts of the machine. We will here 
explain one of the most l>eautifiil laws nf'motum : When tlie work applied excinds the work eon* 
suined, the redundant work goes to increase the spec<l of the parts of the machine, and at the 
same time, like the fly-wheel, acts as a reservoir of work. This ocrWcni/ioa i;ocj on ii»rr<ws »«<7 
iinriV the vork of the re*i*t*sncrs + the usrfut wwk — the tror4 appiifd; and then the motion of the machine 
becomes tmiform. 

For example, in a railroad engine and train, nt first the work of the engine exceeds the work 
of the resistanci's, and henee the speed of the engine goes on increasing : but, as the s{»ced 
increases, the work of the resistances also increases, so that iiltimstelv the engine attains a nearly 
miiform motion, w hich is called the gnatest or maximum 8T>ci'<i, ami then the work destroyed by 
the resistances will l>o exactly equal to the work applied by the moving power. A few simple 
examples will mak(* this law cUar. 
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Qufs, — Bequirc«l the Dffcetivc liorsw-powcr of a loromotive engine wliieli move* nt a wt<Hwly sfXH'U 
of milej) an hctur u|mn a level Iho weight of the train being lOU tuns, and the couatant 
resistances amounting to 5 lbs. a U>n ? 

I‘«t X = the required horatspower. 

The work of the engine a minnto s x x SitOOO units of work. 

: 50U lbs. 


engine t 
Thu nsiistfuico = 5 x 100 : 


The distnuce moved a minute = 


23 X 5280 

r>0 


= 2024 ft. : or 33J^ ft. a second. 


>Vork to overoomc the constant resistances, in a minute = 2024 x 500 = 1012000 units of work. 
But ns the s|>ced of the tniin is uniform, the work of the rcaifitunecs will bo e<)ual to the 
effective work of the engine : 

I0J9OO0 

j: X 33000 = 1012000 I = - 55 ^^ = 30 7 hone-nowor, 

uotKKI 

Now snppnee the uniform rcaistanceti and the jsiwer of the locomotive to be removed, then the 
train would mnvo for a short time with n vtdocity (r) of ft. a second, but would come to rest 
iifU'r {lassing over a space («) of 71KK)'888 ft., when oppo«*il by the constAut resistance (/) of 
5UU l)>s. on the level rails. 

If Iho cfmstaiit resistance (/) be 1000 lbs., this train would corac to rest when t = 39r>0'444 ft. 
When / = 2000 lbs., then a = 1U75*222 ft., and so on. The units of work omiserved in a boily 

W u* 

weighing W ll»s., moving with a velocity of c ft. a second, is etjunl to — x ~ . See Byrne’s 

• 

* Essential Elements of Practical Mechanics,’ p. 97. In this case g = S2’2 lbs., the supttosed 
Vi 

weight of a unit of mass. — U tcrmwl the mass of a botly wlioso weight U W lbs. 

W 100Wd9 x 2240 (33l^)» .. r t. 

Vt bcnco — y. ~ X — — = 3950444 imits of work ; 

y h a 'it iL 

and/s = 500 X 7900 -888 = 3950144, 
or/j = lOOO X 3950 444 = 8950444, 
or / a — 2000 X 1975*222 = 3U50444, and so on. 

Quc#. — MTiat Is iho rate in milra an hour of a train of 80 tuns, drawn by an engine of 70 
horscMiower, when the c«mstant n^BistAncca luuount to 8 lbs. a bm? 

(.'ah X the unifurm kixhnI in miles an hour. 

Work Used in moving the train x miles = 80 x 8 x 5280 X x ; this Is the w*<»rk done by the 
ungino in an hour. But the work done by the engine in an hour will also be cxpresbcd by 

33000 X 70 X CO; 

33000 X 70 X CO 

33000 x 70 xC0 = 80x8x 5280 x x ; x = — — — ~ = 48 *02 miles. 

80 X 8 X 5280 

WIk-q the propelling power ceanea to act, and n constant resistance of 11200 llis. (/) (five 
tons) is applied, then this train will come to rest after jiassing over a space (s) of 894 ft. 8inoo 
the uniform velocity (.c) in this case is 60 ft. a second, 

W c» 80 X 2240 (60)» , , 

— . X -r = — X 10017392 amts of work ; 

y 2 32 '2 2 

but, / X « s 11200 X 891 = 10012800 units of work. 

Qu^a . — An engine of 48 hoi>e-j>f)Wcr moves with a maximum speed of 33 railcfl an hour on a 
level rail ; re>iuii^ the gross loml of the train, when the c«.>astant resistuncea amount ti> G lbs. a ton ? 

Ixt't X be the gross weight of the train in tons; then the work consumed an hour in moving tho 
train s X X (< X 3^1 X 5280, 

Work of the engine an hour = 48 x 33000 x 60. 

Wht'U the speed is unifurm or at its maximum, x x 6 x 33 x 5280 s 48 X 33000 x 60; 

48 X :i3(KM) X 60 
X = -^7- = 90|V 


6 X 33 X 5280 
In this example/* = 7407307 units of work z= — x ■ 


Hence a 


lOOO 2240 (48*4)* 

g 2 “TT^ 32'2"^ 2 ‘ 

constant resislanc»» (/) of 3(8)0 ll*s. will bring this train to rest after it has jmssed over a space (*) 
of 2469*102 ft., for/* = 3000 X 2169*102 = 74073O7 units of work. 

Quea . — In what time will an engine of 66 horso-power, moving a train of 200 tons, complete a 
journey of 100 miles, friction and other constant resistances amounting to 5 lbs. a tou, rails 
horizontal ? 

Work expemleil in moving the train 100 miles = 100 x 5280 x 200 x 5 = 528000000. 

Work cd' tho engine an hour = x 66 x 60 s 130680000; 

528000000 . , 

-- =4*04 houra. 

130U8000U 

, . . «« « ,. , , W 200 X 2240 

In this case c = 36*3 ft. a second, and — = , ; 

g o2*2 

W e* 

fas — X — = 91665:19 units of work. 

y 2 

This work is conservc<l in the train, ami exists in the train inde|x;ndent of the power of tho engine 
and of the op^tosing n>sifttanc(‘8. 

The fullowing summary of cxjierimcats made to test the retarding power of diflereut railway 
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brmkcfl is taken, with anmo alterations ami explanations, from a paper by W. Fairbairn, printed 
in this ‘ Prooeodinjfs of the Institutiun of Civil Eugiuoers,* vol. xix. Suppose a trai* iinpeno<l by 
a locomotive en;?ine until it attains a uniform velocity e In feet a wxNmd; that then the brakes 
are applied, and the train brought to a stand afU^r ixissin^ a diMtaiico s in feet ; ^ is rc^juired to 
find a mwwuro of the foieo by which the raoraenlnm has b(>i‘U dtwtroyo«I. Inasmusas the brakes 
act by friction, which may be considered, with sufficient accuracy, t<) be nuifonu^^rou>;hout tho 
operation of braking, tho train may be nMunied to bo Btt)pped by a uniformn i^taidiug force 
acting through the space $, If the retarding forco in this case is calkHl /, ounsisfl^ mainly of tho 
friction of tho braked wheels, and, for simplicity, including also tho friction onu axles, resUt- 
anco of the air, and other constant resistances, then 1 


But supposing, as is generally the case, that tho retarding force of the brakes is pA^monal to a 
part of the weight of the train only, that is, that the retarding force generated va^it^•il■a)p weight 
on the mbbine surfaetts, and supiiosing tho brakes to be ap)die<l to a few carriage's olK putting 
w for the weignt of the brake carriages in tons, ami W for the weight of tho train, thonY 

which gives the retanling force to each nnit of mass of the brake enrriagos. 

It will \» convenient to reduce this force to terms of weight instead of mass. Call A tho 
ri'tarding force in pounds a ton weight of the brake carriages, then 

/> = /. x^ = <»-587/,; [8] 


— X 2244 


that U, /, s = ' 
aspaco(#); ^ 


- X — = the units of work dono in rosUting tlic constant force (/,) through 


gf. W r* , , w 

224d*=«^2 


: s « — ss /s. c and $ arc variables, but W, 

2240 2 ^ 


ic, g, arc constatits. 

Again, supposing that, instead of being on a level line, the brakes arc applied on an incline. 
Then tho action of gravity will cause the train U> go farther, if it is descending tho incline, or t4> 
stop sooner, if ascending, than if the line was level; and gravity is a uniformly aocelemting or 
retarding force, as tho friction of tho carriages. Henee the net result in <Ustauce and velocity of 
a train stopped on an incline may be suppiiscd bt arise from two forces: /. a retarding force 
dependent on the friction of the braked a-hecls ; and a retarding or accelerating force dc{)cndent 
on gravity, and assisting or Dp|iocdng tlic action of /, acconling as the incline riscu or falls'; thenco 

/±<>=^,. M 

Now, tho valnc of in terms of the inclination 6 of the plane to tho horizon is known, for if 
Ik* the velocity generated by the gravity in one socofid, ^ g sin. or putting z for the vertical 
height fallen thnmgh by ine train ixdwoen the time of applying tlio brakce and stopping the 


train, ^ zi g 


/ = 11 ^'. 

W i r* ± 7 r 
f, = — X ’ 




©•587/,, 


[•’•*] 

[ 6 ] 

[7] 


where the + or — sign is to bo adopted, according as the gnulient falls or rises. 

In the iiicniase of the brake-|)«iwer of trains, the principles hitherto mfwt suceessfully employe«l 
have l»eon, — first, the nw* of steam noting direct on the brakes; secondly, the nmiuxtion of 
several of the ordinary form of brakes, m) us b> nniU* them under the contnd of a single braki*a> 
man ; and thinlly, the intrfHlncUftn of brake appnratns connoctwl with the bufTera, so as to maku 
tlio momentum of the train itstdf available in g<merattiig a retarding force. 

M'Conncirs brake, w'litch is applicable only to the engine, consists of two wroughbiron 
sledges, each 48 in. in length and 4 in. in breadth, and turneti up at the ends. These shnlgcs 
arc 8usp(nido<l frr>m the lower side of the fire*bnx, between the driving nntl the trailing whe*'!.** of 
the engine. The pressnre is placetl on them by admitting stt'am from the boiler into two cylin- 
ders, each 9 in. in diameU>r, placed horizontally, one on each side of tho firtvlmx, aimvo tho 
alcNlges, and forcing these hitter down upon the rails by tmans of an elbow-joint. The pressure 
can Ih) apnlied to either side of the pistons in the cylinders, according as tho brakes have to bo 
raised or dopresHed. Tho prestmre of the sledges ujion the rails, ealculatcd from the pn-ssuro of 
tho steam in YolUnd's trials, would amount to aU»ut 6 tons. On the weighing machine, however, 
the actual pressure was found to vary from 4 tons to 9 tons, or a mean of alx>iit 7 tons ; and those 
anomalies Ynllttiid was unable to solve. Tlio prineifial advantivge of tins brake ap}X‘ars to bt? that 
it is immediuUdy apjdiexl without exertion, and is under the control of llio engtuc-<lriver, who in 
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most cftscH id the first to perceive any obatmetion on the line. It will be seen, however, that 
»Ithtm^'lt I'litly KO»MTati*rl, the amount of retnr<kttioii nuinetl by this broke la orjcnjiaratively 
small, and, os C'obmel Ynlland c«mcludos, innuflicient to prevent colltBum in thuiMi CHdi« iu whicu 
ltd UAO would d]K«ially desirable. 

Newnll’d atj^ Kay’d ^jrakt'd, which in their present condition tire i<lentical in principle, are 
dislinjruUhfd fit*m other brakes by thia— that two or more carrm^^iis, or, if m*cew!ary, the whole 
train, are fitted ^th brako-bhickM, all of which are l>roii^ht under the direction of one ^uard by 
means of a Inngptudinnl sliaft, which transfers the motion of tin; guard's wheel to the brakes 
throughout the whole length of the train. In this way a grewt increase of retarding |s>wer may 
Im> obtained pr<»f>oTtioiml to the weight of the carriages to which brakes are applitHl,und w ith this 
further advantage, that the retarding foroe is distributed equally throughout the train, inshwd of 
Udng amimulattHl at either end, and thus the slusrk ufsm (he wheels and axles is much dimi* 
nishiHl. Xownlt and Fay have also adopted a partially s('lf*acting apparatus of springs, by means 
of whieh the brakes are appliisj th^)l]ghtmt the length of the train on the simple release of a catch 
by a gtiawl. 

In Xownirs brake, the motion of the guard’s or the enginc-jlrivcr'a wheel, since cither or Isilh 
of these uHiy have the contnd of the brakt's, is transfcrresl, through the meslium of a short vertical 
shaft in the van or tender, to the longitudinal shaft placed beneath the carriages of the train, by 
a pair of Ijovel-wlunds, or by a spur-whidd and pinion. Thi> longitudinal shaft (soMes either 
iH-mnvth the centre nr at ouo side of the carriage, under tho framework ; and it U connectnl by 
simph*. but very effi^elivc, jointed couplings betwf«n lach |siir of carriages, ao as to penuit tho 
fre*: wtion of the butfera. and the rise ami fall of tho carriagt-aj with the ine(|unUties of the lino. 
N't.tir to tho middle of tho curriago a bevcbwbotd is fixed on the longitudinal shaft, which is 
t(Hithe<l into B sirnilnr one on a short cross-shaft, carrying ahso a spur-pinion gear^yl inUi a iinri- 
zontjil rack. Thus, on revolving tho guanl's wheel, this rack is tlrawn back, witluirawing at tho 
Mum* time tho princi(Ml arm of the rocking-sliaft, at thi; centre of the carriage, and coiuprassing 
a spring plawnl on tho other side, to Inith of which the rack is nttache<l hy n simple r*mn»'ctiiig- 
nsl. In this {KMitimi tlie brukit-blocks arc off the wheela, and the brake is reiuly for use. If the 
ls‘vel-wh«>l or pinion in the gunnl’s van, or tender, is now reluast'd, or llfUtd «*ut of giar by a 
lover or tr*^dle, the aprings throughout the train will force back the arm of the rocking-shaft, 
wliich carries tho Icvors that press the braki^-bl»x*ks on tho wheels. If it is renjuirod to put on the 
brakw harder, and to bkiil the whetds, the tremllo is again ivleaM-d by the guaril, ami the proHsuro 
increased by revolving thir wheel in the onlimiry way. In otlier wonls, Newall and Fay pro- 
vide a number of springs, or in some cases weights, under each carriage, in which is stonxl up, 
ready for instantaneous use, a st^ckof brake-power, derivwl fnan tho one guard acting thrf*ugh 
a lon^tudinnl shaft, communicating with every brake by means of an arrangement of spur-irhwls 
and ninums. From this it will lie seen that on any emergency the retording force may lie instantly 
employed by simply releasing a catch, which pennits the brake-blocks to Ito forced U(K>n the 
wheels by the springs thronghmit the train. 

in the class of brakes in which gn-atcr retarding jsiwer Is obtained by increasing tho numlior 
of brakoil carriages and ctunbining their action, the systems just descrOxsl ap|M-ar the ls>«t and 
most comprciiensivo hitherto adopted. Fairbairn mentions that he received from R. W. Watkiu 
the details of some experimenla on an auxiliary brake carriage destgnc<l uism a different plan. In 
this case, an ordinary brake arrangement is employ<Ml, with a double elliow-joint, U) which a long 
vertical lever Is attached, moving in an arc against the side of the van. A rope from the end of 
this lever is conveyefi to the tender, or the guard’s van, nml is attached to a drum on liie axis of the 
onlinary guard’s wheel. Hence, when the guard or the fireman revolves his wheel to put on his 
own broke, the rope coils upon tho drum, drawing liack tho lover, and thus putting on the 
anxilinry brakes at the same time. 

Belonging to the liiinl eloss of brakes licforc enmucrate<l, in which the momentum of tho train 
its«’lf is employed in generating the retarding force, tiiero is only the brake of M. Guerin, whieh 
is entirely self-acting, and is brought into uta; by Uie recoil of the buffcr-nslM, when, by the ajjpli- 
cation of the Umdor-brake, a retardation has bceu eauwtl in frrmt Y’olland thus descriKw this 
brake : — The buffer-rods at the after rntl of the carriage abut against a spring that extends across 
its width; ouo biiffer-rotl acting against each en«l of the spring. This spring, iush-oil of being 
fixed against the under-framing of the carriage or the brake-van, is movable in a groove. On one 
side the centre of tho spring is aeeim’d to the draw-1>ar, and on the otlmr it is attached to tho arm 
of a short lever, fixtsl almost vertically over the itK'king-slmft ; so that when the buffers are pr«*ssed 
in by the sudden check to tho velocity — caused by shutting off the sh-am, bv tho ajiplicathin of tho 
U'ndcr-brake in front, and by the mnnumtum of tlie train in the rear — the buffer-spring is carried 
forcibly against'thc lever, the rocking-shaft is tiimwl, and the brake-blocks are forced against the 
{a^ripherics of the whwls. The brakes an* pn*vente«l from bc-ing put on wb»*n a train i« nsiuire«l 
to be shunted, by a cro«»-hend nr ship. But this pravisiem interferes with the application of the 
brakes when the train is in motion at a low velocity. For such a s]Mx<d it is aasumixl tho tender- 
brake will bo surticiont. 

Throe aro the brakes ni»ou which tho experiments were made, and the results tabulated and 
elasHtfied. 

iVcwn/rs and roa/i'nKotis Brakfs. — In carrj'ing out the views of tho Directors of the 

Lancashire an«l Yorkshire Railway, Fairlsiim arrangixl, iu th»3 first place, for a eerica of experi- 
nw'nts on tho Oldham incline, where two similar trains of carriages, ouu fitU'd thnnighout with 
Ncwall’s and tho other with Fhv’s brakes, were started alternab'ly. After passing over a measurtd 
distauct; by the action of gravity, the brakes were appliisl, and the distance within which tho 
trains were rws|>cctivdy bronght up was carefully ascertaintsl, as giving the measure of tho 
brake-i>ower of the tniins. Kai'h train consisUsl of three weighted carriages, and they were 
started by simply releasing a stop. Having descended, by gravity, a previously-monaurcd dUtance, 
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with a uniformly accelerated velocity, they passed over a fog-aignal, which gave notice to the guard 
to put on the brakes. Then the train having Wen brought to a t>tnn(l, the distance fn»m the 
|>oint at which the train stopped to the was measured back, and the train was dragged 

up the incline for another triut rnfortunately, the day on which these ex{H<riuenta were made 
^ved misty and foggy, with rain at intervals, ho that the rails wore in the won$t condition fi>r 
facilitating the stopping of the trains. The significance of this fact will bo seen on comparing 
these rtsaults with later oni^ obtained in dry weather. 


Tabi.r I. — Kxpeaimrn'ts with Xkwall*s and Fat*8 Railway Bka&cs ok nii: Ou>hax Ikclink, 

B'ebbuaey 6, 1859. 

Weather foggy and wet ; gmdie>nt falling 1 In 27 ; weight of trains, 26 tons 10 cwt. each ; 
no engine attached. 


Fat's Flai'-Bkakko. i Nkwall’s Suds liOAni. 



Time of nntming. 

DiitAnce Run. j 

i 1 

1 Time of Running. 

Dlatance Ran. 

No. 

Before [ 

\ 

AHer j 
Br»kin^ 

Before 

IkAlrlDf^ 

AfW 

Bnking. 

' No. 

Before 
Broking. | 

After 
Broking. , 

Before 

Braking. 

j Aftsr 
! Dnkt^ 

1 

wertnds. 1 

35 1 

aecnoda 1 

i 

1 jrAfrfa. 

1 150 ; 

yard*. 

153 

1 

1 Mcnnds. 

35 

ecoond*. 1 

H , 

yonU. j 

150 ! 

yardk 

281 

2 

40 j 

13 i 

200 

250 

1 a 

40 

16 1 

200 

336 

3 

1 48 i 

H ; 

300 

1 360 

3 

48 ! 

17 

300 

4.59 

4 

M • 

15 1 

400 

I 490 

4 , 

56 1 

25 

400 , 

608 

5 

m 

12 1 

400 

326 

5 

56 1 

14 

400 1 

371 

6 

6*2 f 

25 ; 

500 

739 i 

G ; 

C2 1 

19 

500 ! 

G63 

7 1 

72 i 

17 1 

GOO 

; 575 

1 

68 1 

17 

(500 

515 


[ 

■■ i 


•• 1 


I 8 

G3 1 

32 

500 

798 


In experiment Xo. 8 tho self-acting |wirt of the brake only was employed. 


In tbcac exporimente tho whole of tho wheels were sledged, or skidded, beftipo the train was 
stopped. The self-acting arrangement of springs was fitted to Kewall's carriage alone. In the 
latiT exporiments it was adopted also hv Fay. 

Taking tho mean of tho uuml>er of seconds rcqnircd in braking each train, in experiments 
Xos. 2, H, 4, 5, 6, and 7, wliich were imule under precisedy com«i>ooding circumstances in the caso 
of eaeJt brake, and at similar velocities, it is found that tlte train was brought to a stand : — By 
Kewairs brake, in 2 '10 seconds; by Kay's brake, in 19 '2 seconds; or about 2^ si'^uds of time in 
favour of Fay’s. 

It will, however, Ijc advisable to ascertain the precise value of tho iv'tarding force in each case 
by the formula) already given. To efiV-ct this, tho initial velocity of tho train at the instant of 
applying tlio brakes must first be ascertained. For this pur}io»o the least objectionable furtuula 
and at Uie same time the most simple U 



* for taking the mean velocity between o, and « = ^ and ^ multiplied by i second = tlic distauoo 
o 

* ; ~ X < = » ; where c is tho velocity in feet per second ; » is tlio distance run, in feet ; and < 

is the time of mnning, in seconds. From this formula tho following initial velocities of tho train, 
in feet jHjr second, in the preceding experiments, aro obtained: — 


No. 

F.y. 

NewalL 

No. 


Fat. 

Nowoll. 

1 

.. 25-71 

. .. 25-71 1 

5 


40-66 

. .. 42-85 

2 

30- 

.. 30- 

6 


48-38 . 

. .. 48-38 

3 

.. 37-50 . 

. .. 37-50 

i 


50- 

. .. 52-94 

4 

.. 41-37 

.. 42-85 

1 » 

.. 

— 

. .. 4761 

Henop, 

I 

1 

S' 

.o 

since in this case >— 
w 

_ 20-5 
“ 26-5 

s 1, and 

therefore / = 


1 ^ g 

f\ ~ 1 W-’lative values of each description of bmke, and their comparative efficiency 

in each trial, may bo dmvtd. The retarding force of each brake is fonud to bo as follows ; — 


No; 

Fat. 

Newmll. 

1 

.. 1-9115 \ 

1-3246 1 

2 .. 

.. 1*7922 

1*6388 

3 .. 

.. 1-8432 

1-7030 

4 .. 

.. 1-7645 y ftlcan 1*8538. 

1-6946 ) 

5 .. 

.. 2-0280 f 

2-0152 

6 ., 

.. 1-7205 

1-7811 

7 

1-9167 / 

2-0480 / 


Digitized by Coogle 


BKAKE. 


COl 


Giving, as in the previous comjwirison, tho a«lvnntago to Fay, in the prr)ix>rtion of 1*8538 to 
1 *743<>, or ns 1051 h> KMH). The entire agnx'uient of the results among themselvi’s, and with tho 
pfi'cwling rommrison dmvetl from the time, is sufheiont evidence of the practical accumey of the 
fonnula of mluction. The hruktrs staxul, in those experiments, very nearly on an equality of 
merit. 

The exi>criments in the next Table were matlo at fiouthpori, upon a lino more ncurly level. 
The H|>eed was obtained hy means of a locomotive engine, which was de(ache<l, at the instant of 
applying tho brakes, by a sli{X!oupling. The velocity, which was maintaincHi uuiforiu over the last 
hiJf-miic, was ineaMm’d by noting the time r^uiretl to |mss two fi>g-signal8, placed half a mile 
a{iart. The brakes, in every trial, were appli<^ almost instaniaueoiLsly, after the rejiort of tho 
sectmd fog>«igual, and the distance was measured after the train haxl oome to a state of rest. 


TaULE n.—ExPEBIMKNTS WITH KkWALL’S ASP FaY*8 IIaILW AY DuaKF.S, OX THE LiKE BETWEEN 
Livektuol axu Socthtoet, Janoaht 7, 185l>. 

Weather flne and frosty; gradient rising 1 in 483; weight of trains, 26 tons 10 cwt. <^h. 


Fat. 

|[ Ksvall. 

No. 1 

! 

Tubs of 1 
Ranninff 
t Mllr. Ill 1 
Srouod*. 

8p(>fd. in 

Mllrft 
Au Hour. 

VtHocMjp, 
1 la F<«(, 

’ a Second. 

, Dietoniv 
i of PulUog 
1 Bp. in 
! Yimli. 

1 1 

Time of j 
Kannlng 
t Mik*. in 
SeooodA. 

in 

Uilcs 
AD Hour. 

Velocity, 1 
ill Frrt 
A Sectiod. 

1 LHetAiKO 
1 of INiiUng 
1 op, in 
Y'anlA. 

1 

1 1 

42*83 

62*86 I 

1 184 


31 1 

38*06 i 

83*16 j 

1 210 

2 

! 40 1 

45* 1 

; 66* ! 

1 206 

;! 2 j 

30 ' 

60* ! 

88* 

1 Isjst, 

3 

34 ' 

52*94 

77*65 

272 


as also another exm>riiui‘nt. 

4 

31 i 

37*14 

83*81 ; 

313 












5 

30 

60* j 

j i 

i 

1 329 

!| Kngine)' 
} alone j 
It ' 

' 30 1 

1 60* 

88* 

960 


The second experiment with NcwaJl’s brakes failed, in consefjucnco of the guard applying tbo 
brakes too Mxm ; and a third w as lost from tho fracture of the sli|MX)upUng. 

When these results are rcductnl by the same formula, the following values of /,, representing 
the efficiency, or retarding force of each brake, arc obtained : — 


No. P«]r. 

1 .. .. 3*5125 \ 

2 .. .. 8*4379 

3 .. .. 3*6274 ) Mean 3*0256. 

4 .. .. 3*6738 I 

5 .. .. 3*8566 ) 


Ne««lt 

4*97 


Those experiments give a snperiority in favour of Newall’s brakes, in the proportiou of 4 *97 to 
3*023«>, or as 1378 to lOOO. 

The value of tho retarding force, /, for tho tender-brake, derived from the last experiment, is 
1*2791, and reducing this, in prf>portion of tho weight of the tender to the weight of the engine , 
and tender, it beoouiea /, = 4 * 3455. 

At this {leriod, Fay requeaU>d ]>cnniieirtn to attacli a self-acting ap|iaratus to his brakes, as he 
ermsidered they were not fairly matched agnin.st those of Xewall, when applied by hand. Tho 
experiments were, therefore, post{>oned for two months, to enable Fay to etfbct this alteration. 

They were again resumed on the 14tli of April, 1839. 


Table III.— ExrEttiMEXTa with Newall’* axo FavV Railway Bkakes, on the Line between 
L tVEEi'OOL AND Pomii'OBT, Apbil 14, 1859. 

Weather, dry during the first, with a slight sliow<*r during the remaining cx{tcrimenta; 
gradient falling 1 in 3433; weight of trains, 27 tons 6 cwt. 


Fat. I Nswaix. 


1 

Xu. { 

Time of ; 
' Ronalng 
t Alik, in I 
SeeouiU. ' 

Spent, ia 1 
Alilra 

sn Hour. 1 

1 VelocHy, 
In 4 «*t 
oSecood. 

IMeUnoe 
of I'BilrtiE i 
up. la j 
Yards. 

No. 

Time of 1 
Raouing: 

1 Mile, in ; 
Second i 

[ Spoed. In 
, Miln , 

1 an Huor. 

Velodly, 1 
1 la Feet < 
1 s ^eood. 1 

Dfitsnop 
, (if Pulliiifi 
1 Bp. In 
1 Ysrda. 

1 > 

2 1 

56 J* j 
33 } 1 

31*8 

33*4 

46*7 1 

49*1 1 

12 U : 
124 ^ ! 

1 

•• i 

58 

31 * 

45-5 

101 


* Engine ■ttached uid tender-brake applkd. 


Reducing tho results, as before: /, = 3*2329 with Fay’s brake ; /, = 3*4161 with Ncwall'e 
brake : /, e 2'W5Q with Fay’s brake and tender-brake. 

Here the superiority lies with Newall, in the ratio of 1036 to 1000. The experiment with the 
engine attached, when rediicc<l in the ratio of tho weight of the train to the weight on the wheels 
braked, gives /, = 4*84. 

It will be observed that as the value of the retarding force of tho brakes is here obtained in 
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tcnnfl of the (ywfficicnt of friction, for the robbing surfaroa, the efficiency of the bmke \’arica with 
tho comlition of Uie wtaitlier. Tlm» the mean of the UUlhnni experinu.nt« gave n retarding ftirce 
of 1 • 7987 ft. per second : tho mean of the first experimonta at :;Wjuth|<ort gave 4 ’ 2978, aitd the mean 
of liuj aocomf 3'3245. On eiwh day U»o experiments were ennaUtent with one another, but they 
«iiffere4i widely, on different days, frrni Uie change in the condition of tho rubbing aurfacea. At 
Oldham, tho experimonU were nuide with the rails in a gn^asy conditinii, from fog; at Southport, 
in the hiU^r of the ta'o trials, with tho rails alighily wet, and in the earlier, with mils dry, and in 
the beat condition for braking. This is in aeooitlancc with the eiiKTimcnts of Morin the 
friction of iron on iron, in which it waa found that the cr>efiicient of friction varied from O' 05 to 
0*3, according m the surfacea were greasy, wet, or dry. This consideration must Ixirne in 
niirwl in estimating tho results: and together with some Improvements in the adjustment of tho 
brakes, and tho introduction of increased jiower, from time to time, will explain the dtscrejaiitcies 
which may be found, on oomf^ring tho results obtained at different periixls of tho trials. 

The remaining cxfx'rimenta upon the self-acting brakes were all nuwle under unifonn and 
favourable conditions: tho weather was fine, and the wind blow each day from tim w<!st or the 
north-west. Tho results, also, ar<^ unifr>rrn for these days, and Uurc can, theref<»re. be no em»r in 
placing these cxpi^rimeuts in the same Tabloa, and averaging them together. This clAMtification 
will, therefore, adopte<l as more oonvenient, and they will be arranged under the following 
heads 

1. Kxpf'riments on tho friction of the carriages. 

2. Experiments with slide-brakes, with the engine detached. 

8. Kx{>crimcDts with fla|>-brakes, with the engine detached, 

4. Ex]H'rinu‘nts with the engine attachixl to the train. 

FrpfrimmU on the Friction of the Carriage *. — Those experiments were made by running tho 
train, as before, past two fc^-signals, lialf a mile ajmrt, to obtain the velocity, detaching tho engine 
at the second fog-Hignal, and allowing the train gradually to come to rest. 


Table IV. — ExFEniMBirrs with Newall’s asp Fat’s Railway Dkakess, osr the Lise 
BETWEEN LiVEBIXWL ANI> SomilVRT, Jl'NE 2, 1859. 



1 TbneoT 

RonDlns | Mile, 
ill ScOKtxjs. 


I>UbiD(« run, i 

Time of Ronnlrig, 

1 Helfdit fallen 


Pprrd. In Miles 

nin*r applying 

after innltrins 

tlirougli by Trshi 


an Hwur. 

Brake*, In 

llra'kt^ 

fhm ioclin:Ulun 



Yards 

In fvouiids. 

of Unr, in Kitri. 

F,y 


45* 

1 4810 

i:io 

7*015 

Neawll .. 

44-5 

1 

40-45 

1 o:j80 I 

"SO 

ia-91 


Rtduetug ns br-foro, the normal friction of tho carriages, / = /,, is found hi be, — Fay, 
0'1G5<>5: Newall, 0‘ 10901 : ami therefore /,, or the friction per ton w»*ight of the carriagtw, is, — 
Fay, 11 *527 ll>«, : Kewall, 7*027 lbs. : me*in, 9*577 llw. 

This shows that there is a mnsi<b-rable difference between tho friction of the two sets of 
carriages ; and a small corrc>ction should therefora he made, in the reductions of the exporimenU 
on brakes, in favour of Newall, if |)erfect accuracy were re^iuired. The correctiou, bfiwever, dtHW 
not excecxl one-sixtieth of the rctnnltng force of tho brakes, and n>ay bo nc^b-cUd without 
apprcriablo error. Tlicso exjHTiments were made with carriages fitUxl with slide-brakes, and tho 
friction those with llai>-brakiw was not determined. 

In an experiment recorded in Yolland's Hc|M>rt, the friction, derivtd in the same way, for a 
train of carriagiw fithd with Ncwall's breke-a, and attachc<l to an engine and tender, amnunUd to 
11*4 lbs. per ton. This, when allowance is made fur the greater friction of the engine, nearly 
agnxw witli Fairbairn's results. 

Table V.— Experiments with Kewai.lV akt> Fat’s 8i.ii>e-Brares at Soi Tiiroirr, Mat, 1859. 


5KWALt. 

Fat. 

No. 

Time of 
RanniDg 
1 Mils, la 
bm>nda 

Speed, io 
Miles 

an |{<mr. 

VeloeHf, 
In Feet 
a Seouial 

1 PUtanoe 
' of FuUiog 
! up. IQ 
! Yartla. 

No. 

Time of 
Kaoning 
i Miiir. in 
ftcDitda. 

FfVH^ Id 
M iles 
ail ilwor. 

VelocUy, 
In Fe*-l 
a Seouttii 

IHcUnce 
of Pulling 
np. In 
4 aid*. 

2 

S5 

M-72 

48* 

Mj 

2 

51 

95*29 

51 *70 

5(J 

4 

4SI 

30*73 

53-87 

1 77 

4 

41 

43*9 

64*39 

98 

fi 

tli 

faibd 



5 


50* 

73*33 

1*29 

7 

41 

43*9 

01 -39 

. i:lc 

« 

s:i 

51 *,54 

80* 

114 

8 

99 

40*15 

C7*«0 

140| 

7t 

Xl * 

.54 ‘.54 

80* 

li:i) 

9 

94 

5-2-91 

77 04 

2«:.i 

o; 


37*89 

55*58 

97 

lo* 

33 

54*54 

8U* 

19*2 

lo; 

9.1 

(.0* 

88* 

2»M! 

lit 

38 

47*37 

09*47 

. mn 

ii; 

90 

00* 

88* 

214 

12: 

s:u 

53*73 

78*8 

. ‘2*22 




.. 


19 

28‘ 

(59*18 

9*2*03 

1 273 




•• 

•• 


• Sfir-KtioQ Ursk«<s not a|t|illiil at iIm* pn>prr llmi*. 

t Traio cumWais «f iwu carrUgea, and wt-igiiliig IS titu 4 r«L In tbe otbrr «&pi-niuiots Usic Wt-rr tlirw evris^ 
««tshiu« e*iM 6 c«L 
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Expfrim^t «ith SluU^Brak^tf WM Etiijtiu dftnchfd from tk^ 7Vm«. — Tho follnwin" oxpcri* 
mcnts were made between tbo Birkdnle and Amndale titAtums, on the line between Livcr^tool and 
SniitliiMrt. Aa before, tho engine waa attacbod by a alip<>oupling to tlio tmin. At tho quarb^r 
and the tlmKMiuarU^r mile poeiH from Aiiimbilo, fog-aignala wore iiIoolmI, and the time of paaning 
Udweyn these, being accurately observed by »to{>-WBtche8, gave me average sjmhkI of tho train. 
At tho second fog>sigiial, tho shp-coupli^ was unfastenecl, and the brakes applied, instantly mi 
hiviring the report. The asaiHtaut, Unwin, and other ixTSoue, were placed in uu* guard's van, to 
prevent tho ))rematuru application of the brakes ; and others on the engine with the driver, to se<> 
that there was no change of velocity in passing over the haJf>niile in which tho speed was 
oliservcd. Tho lino where these experiments took place ros>% for 500 ft. from tho first fog<sigiia!, 
with a gradient of 1 in 1087, and then fell for upwards of a mile, with a gradient of 1 in 3M8, a 
fall so slight, in tho slinrt 8i>are in which the trains were braught h> rest, that it cannot appreciably 
aflfect the n^stUts; and in tho nxloctions the line has boon considered as Krvol. 

The trains with which these experiments were made consisttnl of three hcavily-weightod 
carriages, each with brakes to every carriage, except in tho two lost experiments, when, in con- 
8C«|uence of an aceidont toonoof KewaH’s carriages, the trains were reduced to two. The carriages 
were loaded with iron rail-chairs, so as to weigh 0 tons 2 cwt. each. 

Tho {xtwor of Uiese contiuuoos brakes was well exemplified upon the 18th May, when Fay’s 
guard inadvertently appliixl tho brakes whilst the train was running at a oomjjaratively slow 
vi'hwity : the strong ooupliiig-hnok which united the tender to the guard’s van was instantly 
snsniHsl, and the train brought to u stand. 

Making a reduction of the preceding results, the following values of / = /|, representing tho 
coiu|>arativc retarding (lowers of the brakes in each case, ore arrived at : — 


Fiy. 


Newftll. 

7-9749 


C*77<>5 \ 

7*0512 


6-2813 

6-W80 


5-0810 

7-4074 

0*5979 

1 Mean 0*7030. 

5* 4-292 
4*8929 

6*3070 


4-W525 

6-.W2 


5*2385 

6*0311 , 


5-5535 ; 


In this caso the brakes of Fay exhibit a su|>criority in tho ratio of 6*7030’ to 5'19H4, or as 
1215 to 1000; or makuig a correction, as above stattHl, for tho friction of tho carriages, the 
relative efficiency of Fay’s and Newall’s brakes would stand in the ratio of 0*553 to 5'402i4, or as 
1210 to 1000. 

Kxpt^mcnts vith FIap-Bmke»^ Kith the Engine lietiteheJ . — These experiments, Table 'NT., were mado 
in precisely the same manner os the lost, the trains oonsistiug of three carriages with brakes to 
each, letuled to 9 tons 2 cwt. 


Table VI.—Flap-Rrakes, Ekginb detaciux). 


Fat. Niwau. 


Time of 
Kunnlnir 
. 1 Mile, m 
1 finuud*. 

SnwHl. in 
Blltre 1 
1 sn Huar. 

VrlocHy, 
In Frei 
a Second. 

nieteiKe 
orPuUii^ 
Op. Id 
Y srtU. 

1 

1 No. 

Time of 
KunninK 
1 Mile, in 
8ec<ir>^ 

1 Spc«l, to 
Milm j 
1 an Hour, j 

' Velocity, 1 
in F«tl 1 
1 a Second, j 

Plitaocr 
of Fnltlofc 
up, la 
Yarda. 

1 1 35 i 

51-43 1 

75*43 1 

1581 

1 

36 

•w- 1 

73-33 ‘ 

13-2} 

•z ss 1 

51*43 

75*43 1 

102| 


36 

50- 

73*33 

123 

3* 1 32 1 

; 1 

54-54 1 

80* ; 

181 

3* ! 

' 35 

51*43 

75-43 1 

192 


• St^lf-ftcOoo only. 


lU-diicing the results, the comj»arativc efficiency ts 


Ksy. 

5-9S89 

5*8291 

5*7971 


SIcnu 5-8718. 


NewiIL 

6*75t>0 

7-2870 

4*9387 


Mmii 0*3272. 


In this cflso the superiority lies with Newall, in the ratio of 0*3272 to 5-8718, or ns lOOO 
Ui 928. 

ExperimmU vfith the Engine attache^i to the 7Vwm. — These experiments were made with slide- 
brnktw, tiiton the same ground and in the same manner ns the lH«t experiments. The rails ahsi 
were in llie same tlry condition. The only differencts was that the engine ami tender remaimxl 
attoclictl to the train, i»isb*a4l of being uncoupletl, and the temler-brake wits n])(>liod os rn(>idly os 
(Kissiblu along with the other brakes. 
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Table VH,“ExrEB:Mr.vr^ wim Newall’s anp Fay’s Railway Brakeis, with Enoinb not 
DlitCOXNCCTEO FROM TUAIN. 

Weight engine, 24 toon ; weight of tender, Bverago 10 tnna ; weight of tmin, 27h tona ; 
Wfight of tank engine, 30 tons. 



Roducing tbc»o rcsulta, the coroporatiTc retarding force is found to be ; — 


F*j. 

2'9i)56 ) 

B‘0181 \ Mi^ 3 0934. 
3-2003 


NowalL 
3-3BK) I 

2-9UM) [ Mean 3 0250. 
2-8422 


where the efficiency of the brakes is almost identical. Fay having an advantage, in the ratio of 
1022 Ut 1000. 

Pmm the above extended and somewhat lalx>rious cxjierimcnta, the following summary of 
results is derived : — 

Table VIII.— General I^immary or Resvi.ts or Experiments with Xewall's and Fay’s 

Brakes. 



Arrraft! Kamb«r of 
KxpentnenUk 


Oldham lucHne, Table 1. .. 
8outhi)ort „ „ II. 

n n in. .. 

» »» I* ^ 


n 

It 


»« 

It 


VI 

VII. 



Arvnigr' KfRciency of Bralus. 


F»i. 

1 NraalL 

l-8r»38 

1-743C 

3-0*256 1 

1 4-9700 

3-2329 

i 3-1416 

G-7030 

' 5-4984 

5-8718 

i G-3272 

3-0934 

3-0250 



The general average from this Table gives, for the efficieney of Fay’s brakes, 4*0034, and for 
that of Newall’s 4* 1050, showing a slight saperiority in favour of the latter. 

The following conclusions seem lx*nie out by tliese expiTtmeuts 

1st. That with slide-brakes the greater number exi»eriments gave a manifest suj>eriority 
to Fay’s. 

2nd. That with flap-brakes there was a decided advantage on the side of Kewnll. 

3rd. That when the train was braked, with the engine attaehi'd, the n^sults were uniform; 
neither Fay’s brakes nor Ncwall's gaining any deeidi4 sujieriority. 

During the whole of tbe»e trials there was a strong feeling (»f rivalry, which rendernl 
nceotunry the gn^tost caution, in order to prevent any interference, which might nxxlify and 
vitiate the results. To reconcile these differences, and to obtain oirrect returns, I'ltwin was 
employM to take charge of the train, and to see that the brakes were apidiisl at the right time; 
also to register the vehx^ity of the train, and the distance of pulling up, during twch ex|)criutent. 
There is therefore every reason to believe tliat the n*sults recorded are a strict expressiou of tiio 
efficiency of the brakes, at their respective times of trial. 

VoU-tntTg £! 2 /M*rimcnfs ttUh SemiU and Fay'§ JlitUimy iJnikft.—li may be interesting to coinfiaro 
with these results the earlier experiments obtained by Colonel Yolland, on the same class of 
brakes, and under somewhat similar conditions of trial, as detaile*! in his Re|K>rt to the Board 
of Trade, dated the 12th June, 1858. These results do not apinar to have beeu retlueid, hithert<\ 
to any common standard of comiiarison. But a.^ they embrace a w*ider range of circumstAUccs of 
gra<licnt, weather, weight, &e., timn In Fairbairn’s experiments, they will instructivciy test tiio 
method of reduction employe<l. 

Ill the experiments on the Accrington incline the trains weighed 72 tons each, and consiste«i 
of six weighUd carriages, useil in all the cx]>criiuents, and of thn-o carriages fitted witli Ncwall’s, 
and three with Fay's brakes, respectively, and employctl alt«mnU-ly. Tho rer(uire<l vehxrity wiw 
obtained by permtUtng the carnages to descend a distance of fn»m tlm>c-f^aarter» of a mile to a 
mile along the incline, which falls at the rate of 1 in 38 1 in 40. The initial volcK-ity at tho 

instant of applying tho brnkiui was asd^rtaiind by observing the time rM|uir(sl to traverse the 
*luarU>rof a milo immediately prcoe<ltng ; and the menu velocity over this distance is uecd in 
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tho mluctiouM fM the initial velocity of the train, althnu;;h it ui slightly below tho real speed, at 
the inatuut of braking. 

TaBLS IX.— ExPEttlMENTB OS TIIR A«'CRINOTOS ISCt tSE, WITH NeWALL’h ASP FaY’S BrAKRA, 
FEnct ARY 27, 1^58. Weather fine. 


No. 1 

1 

Velocity. In F«l 
1 ftiincad. 

Grsdient fidting — . 

ra»t*o»» of 
Braking, In 
YKnh. 

Ilcaurks. 

1 

2 h 

f 1 GO'47 

— 1 in iVJ 

1 1.587 

Heavier train. 

it 1 

52*8 

- 1 in 39 

1 777 

it 

4 

4H*9 

— I in 30 

1 822 

i| 

.5 Newall .. 1 

28*7 

— 1 in 40 

414 

I \ Throe continuous 

G 

69*47 

— 1 in 30 

1114 

. ( bmkt*s. 

7 1 

tri*H6 

— 1 in 40 

1208 

i 

0 I 

i ao*7 

- 1 in on 

4:u) 

) 

10 Fny .. 

I 1 

- 1 in 39 

1 im 

1 


Reducing tho results in Table IX., tho retanling force is : — 
Nrwsll. 


Mean 1*3231. 


It will be remarkc<l that in these experiments the brakos were applied to a part of tho train 
only. lienee, for eomitarijton with the K<inlhport experinieiiU, a reduction must la* made, k> tho 
condition of trains with bmkes thnmglKiut, by tii^ formula [6] already explaiut*<i in that way, 

“ it/’ 


Tho retarding force in tenna of tho mass of tho carriages actually braketi is 


Mcan3’55lG. 


Showing an advantage to Fay in the ratio of 1107 to 1000. But a enmnarison is hero scarcely 
Okir, seeing tho disproportion in the nnml>cr of experiinctits with each brake. 

Taki.e X. — Expejumevts os the Act’RiKOTOS IscLiSE, WITH Newall’s asp Fat *8 Brakes, 
Fkbbi'ary 28, 18.58. Wtrather misty. 


I Throe oontinuous 
brakt«. 


So. 


Velocity, iB Feet 
a Second. 

(irsdlml. biting — . 

Pitiuwr of 
Rnklng, In Yards. 

11 1 

i 1 

66* 

- 1 in 3!) 

2060 

i:i 

F.y .. .. 

62*86 

- 1 in 39 

1183) 

10 ! 

50-77 

— 1 in 39 

1070 

17 

1 1 

35-07 

- 1 in 40 

492 > 

12 

1 

CO* 

- 1 in .39 

2142 

14 

15 

Newall .. 1 

GO* 

50*77 

- 1 in 39 

- 1 in 39 

1754 

14.50 

18 

( 

69*47 

- 1 in 132 

880 


Tender and ditto. 


The results in Table X. show that the mean of tho reinriling force is: — 
F*y. Newia). 

1*178 ] 110.5 I 

1*221 xf i.oort 1'1«7 > Moan 1*131. 

1-227 Mean 1 '220. | 

1-257 

Or with brakes throughout : — 

F*y. Ncwsll 

.3*141 2*040 1 

M™h 2-255. f 

3*:«*2 

Oiving a slight advantage to Fay, in tlie ratio of 1070 to 1000. 
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Tadlb XI.— ExpEBUiBirre with Newall’s Dbakeh, nETWEBN Liverpool asd Pebston, 
Fehri aky 22, 1858. 

Train of cnrriagOH weighing 83 tons 18 cwt, ; engine, 2t> tons 2 cwt. ; tender, 13 tons 4 cwl. 


Na ' 

1 

1 VHocUr. in Feet 
ft Secood 

Qnuttent. rUlitg +. 
Iftlling — . 

DteUnce of ^ 
linking, in YftnU.' 

1 


1 1 1 

57 -SO 

- 1 in 133 

783 ' 

2 




48-88 

— 1 in 180 

208 

3 




66-00 

4- 1 in 135 

206 1 

* ! 


Newall .. 


45-52 , 

+ 1 inlCS 

2^6 I 

6 1 




57-39 1 

— 1 in 150 

27G 

7 

J 



48-38 

1 

~ 1 in 130 

1 1 

! 204 j 


Tender and six 
brakes. 

Tender and self- 
action of six 
brakes. 

Tender and six 
brakea. 


Reducing as before, these data give 


nr, rcdnne<l in the ratio of the weight on the wheels 
bmked to the weight of the train 



2 1tVi 
2-a>5 
3‘285 
2-204 
2-201 
4-304 
4-1C4 
6-530 
4-381 
4-375 


Mean 2*390; 


Mean 4-G71. 


Iliis agrees with the value/, = 3-5510, obtained in the first experiments at Accrington, with 
the rails dry, and is in excess of the value /, = 3 017, obtained with the rails wr ttc<l by the mist. 

For exp<>riment No. 4, with the self-action of the brakes alone, / s 1*211, or about one-half 
the fnll brake-power. 

Table XII.— Experimekts between Preston and Liverpool, with Newall’s Railway 
Brakes, Fkbrvaby 22, 1358. 


Weight of train, 101 tons I{ cwt. ; weight on brakes, 71 tons 19} cwt. 


Np. 


Velocity, in Feet 
ft Second. 

Gradient, rifting + , 
' fftlling - . 

TMfttAQce of 
Pulling op, in I 
Y&rdft. 

Remarks. 

10 

11 

Ncwall ,. 

73-33 

57-39 

44- 

60- 

1 ^ 

+ 1 in 402 1 

0 

- I in 120 

1 196 

' 130 

107 
167 

Tender and seven 
continuous 
brakes. 


Reducing these results 


or, when the train is braked throughout 


/ 

/ 

/ 

/ 

fx 

^f\ 

fx 


4-567 

2- 975 

3- 015 

4- IlS 
6-406 
4-173 

4- 229 

5- 776 


I Mean 3*668; 
I Mean 5*146. 


This would seem to indicate that the brakes act more efficiently, tlio more nearly they arc appUotl 
throughout the whole traiu. 


Table XIII. — Experiments between Liverpool and Preoton, with Newall’s Brakes, 
FEBm-ARY 2.3, 18.58. 


Ha. 


Velocity, in Feet 
aS^imL 

Gradient, rising 
fftlling 

Dtstaoce of 
Pulling np, lo 

Yftrdft. 

Remarks. 

1 

2 

[ 

77-65 

73-33 

- 1 in 204 
0 

814 

179 


All the brakes. 

3 


52-8 

0 

183 


All but the tender. 

4 


73-33 

- 1 in 132 

227 



5 

' Newall .. I 

66- 

+ 1 in 135 

189 



6 

7 


73-33 

62-86 

0 

- 1 in 150 

249 

208 


i All the brakes. 

8 


44- 

— 1 in 700 

138 



9 1 


77-65 

— I iu 120 

233 
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Kcilueiii;; 


r / 
/ 
/ 
/ 
/ 
/ 
/ 
I / 


a-sr»82 ' 

5-00»i« 

3‘7<>4! 

4 07U7 
8'5;>*)2 
2 0,'ilG 

2-2y22 
40081 J 


Moon 3 6240; 


or, whon furthrr rinlncwl in tho mlioof tlic of 

tlu> vrhulc train to the weight mi the whceU brakeil .. 


/, s 3 0600 
/, =5 5-1U30 
/, = 4-3745 
f^ = 4-8181 
/, = 4-250fJ 
/, = 3-4858 
/, = 4-7335 


Mean 4 - 5057. 


: results obtained by YoUand arc as 

follows ; — 


K»r. 

Ncwall. 


Engine detaclioJ | 3 . 2 '^^ " 

8-5510 
.. 3-017 

1 4-671 ) 

Drv. 

Wet. 

Engine attached 

.. { 5-140 J 
1 4-505 ) 

Mean 4 • 774 . 


TaBLB XIV.— Kxi-EBlXliN-ra ox M*CoXXELL*B HtEAM BlEPOK-BuAKE, BETWEEX Bl.KTCIlLKr AND 
OxroHi), Janiaky 10, 1858. 

The engine wciglx^l 29 tons; the tender, 14 ton^ 10 cwt; the carriagcH^ 102 tons 0 cwt. ; the 
guanla’ Tauit, 10 tona 4} owl, ; i»team-6l(HlgeA a&sumed at 7 ton» 2 cwt. 


Xo. 


Vclwrity, in Feet 
a Secuod 

Oradimt, rtidof + , 
lallliiK — . 

ThataiKip of 
rnlilnR up, tn 
Yanla. 

ICeouirks. 

1 - 



27-5 

+ 1 in 150 

430 

None. 

2 




32-19 

+ 1 in 142 

285 

Steam and guard’s. 

3 




19-35 

+ 1 in 142 

10:4 

Guard’s. 

4 




52-8 

- 1 in 214 

590 

All. 

5 




GO- 

- 1 in 149 

870 

Steam and k nder. 

8 




48-88 

— 1 in 209 

073 

AU. 

7 




30 ' 07 

- 1 in 1430 

623 

Htcam. 

8 




55* 

— 1 in 163 

880 

All. 

9 


MTonncll’s 


55- 

0 

7<« 

Tender and guard’s. 

10 


steam-brake. 


57-39 

0 

1320 

Steam. 

11 




52-8 

- 1 in 2211 

49il 

All. 

12 




GO- 

0 

540 

All. 

13 




55- 

+ 1 in2211 

345 

All. 

H 




47-14 

0 

538 

Tender and guard’s. 

13 




47-14 

- 1 in 4.52 

388 

AIL 

16 




02-80 

4- 1 in 103 

009 

AIL 

17 




57-39 

0 

880 

Tender and guard’s. 

.8 




55- 

+ 1 in 200 

1104 

Bteaim 


Itedncing these results : — 


No. 



No. 



2 .. 

J - 

0-03793 1 

11 .. 

•■ / = 

O' 93677 

3 .. 

■■ } - 

0-01562 

12 .. 

•• / = 

1-11111 

4 .. 

■■ / = 

0-93791 1 

13 .. 

.. / = 

1-4281)0 

5 .. 

.. / = 

0-90507 1 

14 .. 

.. / = 

0-64824 

6 .. 

• / = 

0-74567 

15 .. 

•• / = 

1 025(X) 

7 .. 

•■ / = 

0-382-24 

10 .. 

.. / = 

0-786f)0 

« .. 

.. / = 

0-77041 

17 .. 

•■ / = 

0-023T9 

9 .. 

•• / = 

0-0e»07« 

18 .. 

- / = 

0-42225 

10 .. 

- / = 

0-41580 i 





8<*pftmtiiig those experiments which were mode on different brakf-s, and taking tho mftin of 
those mmlu on tho same, tho value of each broke respectively is as follows^— 


For the guard’s brake / = 0-1562 

„ tender-brake / = 0-498U 

„ eU*am-brake / = 0*4.373 

„ steniu and tender brakes / = 0-9057 

„ steam and guard's brakes / = 0-3793 

„ guard’s and tender brakes / s Q- 614.3 

guard’s, steam, and tender brakes .. .. f — 0*9678 
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Thcap nnrabpTs rfiprcsont the Bctual proportion of the brok^Iiower gnpplied in the expcrixnonU 
by each brake or »ct of bnUcew. The efficiency of the brokea in relation to the woi ght upon them 


For the guarU'a brake /i = 2 * 226S 

„ hwler-bmke /i — 5'021tl 

„ ftteain^brake f\ = 9’1176 

„ ahiam and tender bmkea * .. /, s= 6' 1197 

„ Bb'Am and guard's brakcH /i as 8 • 1 980 

„ guartl’a and U*ndor brakes /, = 3*80H 

„ guard’s^ steam, and tender brakes .. .. f\ — 4 ■ 4305 


This shows that, in protMrtion to the weight npou it, a alMgo*brake, which can be applied 
instantly, acts most efficiently. 

WAUxtuTt £>/«ri>ncrt/s ftith -If. Gwfrin*» Sclf*<Klinj Brakt . — Tho train In the first four expe- 
riments consisted of an engine, tender, and nineteen carriages, two Iwing fitt<!d with M. Ouerin's 
brill's. The total weight of the train was 151*88 toua In the remaining exp<>riments two 
ordinary brake-vans were substituted for M. Guerin's, (ho total weight being then 152*8 tons. 


Tablk XV.— ExpEniwEKTs HETWEEN Erith AND WooLwicH, ArorsT 27, 1858. 


1 

No. 1 

Vetocltj, in Feet 
• Sc^nd. 

Gradient, raing •4*, 
blllng — . 

raaUecirof 
PaiUnit up, In 
Yank. 

Rcnisriu. 

1 

( 

50*78 

- 1 in 912 

597 

■ 

2 

M. Guerin’s 1 

; 62*86 

0 

738 

Tender and two 

3 

brakes. i 

1 57*39 

0 

552 

Guerin brakes. 

4 

( 

i 45-52 

-b 1 in 912 

395 


5 1 


48*57 

~ 1 in 912 

359 

1 

6 

[ Onlinarv 

; C6* 

0 

593 

1 'I'cnder and two 

7 

f brake-vans. 

50-77 

0 

521 

1 ortlinary brakes. 

8 

1 

j 52*8 

+ 1 in 912 

510 


Ke^lucing these results: — 
M. OiWTtn’a Bralu#. 


0*075488 
0*089238 
0 01KH45 
0*083898 


Mean 0*0870. 


Ortllnsrj Bmtus. 

0*11300 

0*12243 

0*08245 

0*08757 


Mean 0*1013. 


From these experiments, M. Gu<^rin‘s brakes anpear to be less efficient than two eqtially heavy 
bmke-vnns of the ordinary description, when used in conjunction with a tender-brake, in the ratio 
of 1105 b> 1000. 

Tho value of /, for the mean cd these experiments gives; — 


For M. Guerin’s brake 0*5169 

„ the guard’s ordinary brake 0*5874 


Wo do not protend to know tho reason why, but Guerin's brake gave bettor results when tried 
in France. 

ExperimnU vith fnf}riun*s j4uxi7«jrjf Brake, m the iftmehester, SheficlA, an/l Zt'aco/nsAire .^lYtcay. — 
W'hen these expCfriineuts were made, the weather was bad. rain falling tho whole time. The train 
weighed 124 tons ^ cwt. ; the tender, 17 tons; the carriages to which Ingram's brake was applied, 
25 tons 17| cwt. 


Table XVI. — Exteriments witu I.soram's Brakes, October 18, 1858. 


No. i 

1 

: Vrlocitjr. Id Feet 

[ A SiKODd. ' 

1 GmdicnL i 

1 THstance of 
PulUnE up, to 
YaidA. 

! Time to 

Su*pptog, to 
SeeuDoi. 

^ 1 

Ingram’s 

brake. 

1 46*9 

44*0 

1 io 124 
1 in 124 

870 

795 

90 

77 

* 1 

51*3 

1 in 1.33 

i 768 

65 


Tender .. 

54*2 ' 

1 in 120 

13*20 

134 


46*9 f 

1 1 

1 in 120 

1152 

114 


Boducing these results, on the assumption that the gradients were all falling on^w: — 

InjtromV Brnkw. T<‘ndrr-nr»kca 

( I 0 f390l V 

/ =; \ 0*(W545 } Moan 0*7217. n niji \ Mean 0*6128. 

I 0*81870 ) ® f 

Hence, /, ss with Ingram's brake 3*4019 

the tender-brake 4*4712 

Ingram's brake thus showing a somewhat less efficiency than the tender-brake. 




4. 
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It BhmiUl be here observed that the work employoil to more a body over a linrizontal distance, 
added to the work due U> the gravity in elevating the hotly a vertical height, is the same as that 
emph>yed in moving tho body on a curve joining the i'xtn^me poinU, since a curve may Im sup- 
posetl to l>6 mmle up of a number of straight lines ; hence the utiifomi work it|iou tho whole curve 
will be eiiual to the uniform work dotie upon the horizontal projection, addinl to tho work done in 
opposition to gravity in raising the body, no matter what form bo given to the path dcscrit>ed. 
See Byrne's * Kar^ential Klemcnts of Bmcticnl Mechanics,* p. 276. 

Jlednction 0 / (hf thtardin;/ Force to Unite of the Weirfht of the Hmke C<irn’fi 7 «.— In the preceding 
roductioQs it Was found most <»nvenicnt to know the ndarding force in terms of the maas of the 
train. For practical pur{iosea, however, it is convenient to state the retarding force in tenns of 
the weight up»>n the brake carriages, anti, to be guided by precedent in tliis mother, it seems iKwt 
to state the retarding h>rce in pounds to tho ton weight on tho hrakeil wheels, that is, in the same 
terms ti» tho normal friction of the train is usually stated. Calling, thcrefon*, /, tho mean resiat- 
ance in pounds a ton, in tho moving mass of all tho forcai tentliog to destroy motion, of which tho 

principal is tho friction of the brake, then /, = /i X = C9'5S7 /, . 

Oedivary Brakes. 

RsUnlAtlon, hi lbs s t4Si. 

00 WhewU Rrsked. 

Guard’s van 154'9 .. Yolland. 

Touder-hrake 349'4 .. .. ,, 

Tender and guard’s brakiw .. .. .. „ 

Toiider-brako 311*0 .. .. M. S. and L. Railway. 

All tho aljovc reaulU, with tho exception of the last, were obtained in dry weather. 
Tender-brake 302*4 .. .. Fairbaim. 


Kewall. 


TsbU**. 

Mmii R^LkrdinK Forc«. in Iba. 
s loQ weight, of Uniktd Carrisgts. 


I. 

Rlide-brakcs (wet and foggy) 

. 121*3 .. .. 

Fairbaim. 

in. 

„ „ (i<lishUr wet) .. .. 

. 237-7 .. .. 


II. 

„ „ (dry and fnwitv) 

. 34r>*8 .. .. 


V. 

.. .. (dry and wnnu) 

. 382*6 .. .. 


IV. 

Flap-brakes (dry and warm) 

. 440*3 .. .. 

Y^olland. 

IX. 

„ (dry) 

„ „ (muty) 

. 247*1 .. .. 

X. 

. 209*7 .. .. 

„ 

XL 

„ H (dry) 

. 3'2.')-4 .. .. 


xn. 

« « (dry) 

. 3.58-9 .. .. 


XIII. 

(dry) 

. 313*5 .. .. 



TThe mean of the experiments fmm Tables II., F\% and V.. gives the retarding force at 3^19*6 lbs. 
per ton. The mean 01 Yoiland’a, from Tables IX.. XI., XII., XIII., is 311*2 lbs.; or, omitting 
Table IX., 332*6 Um. Ik*aring in mind that Fairbaim’s roeults were obtained under circumstances 
of oomi>etition, and that there waa in conscuuonco tho grintcst care iu tho adjustini'nt of the brakes, 
tho above results agree sufficiently well, llenco also may bo olwrvod tlie ver)* large diminution 
of the retardation of the brakes in wet and foggy weather. In wet weather the retardation does 
not appear to exceed 200 Um. a ton ; and in foggy weather, with tho rails greasy, it appears that it 
may 00 reduced to 121 lbs., or nearly one-fourth of tho maximum in dry warm wtwther. 


Fat. 


Tsbtra 

Mean Retarding force. In Iba. 

■ too weight, of Rraked (^rriagra. 


I. Flap-brakes (wet ond fo^ifv) 

.. .. 129 0 .. .. 

Fnirbaim. 

III. „ „ (slightly wot) . 

.. .. 224-9 .. .. 

„ 

n. „ (dry) 

.. 252-2 


IV. „ (dry) 

V. Riidc-brakes (drv) 

.. .. 408*6 .. .. 


4t!6'4 .. 

„ 

IX. „ „ (dry) 

.. .. 27 : 1*7 .. 

Yolland. 

X. „ „ (misty) .. . 

.. .. 226*,5 .. .. 


There the maximum retardation amounts to 106-4 lbs. a ton, or nearly one-fifth of the 

of tho braked carriages. The mean of Tables IL, IV., V., in dry weather, gives 375 '7 

ton. 

M*Ck>xKELL’s Steau-Brake. 


Tibie xnr. 

Mean Retardation, in Ihn. 
a loo welgbt, oa WlireU and 
i>l<dgoe Braked. 


Guard’s van 

. . . a 1 54 * 9 « . 

Yollnnd. 

Tender-brake 

349-4 .. . 


Steam-brnke 

C34-4 .. . 


Rtonm and tender brakes 

425-8 .. . 


Btoam omt guartl'n brakes .. 

222-1 .. . 


Guard’s and tender brakes .. 

2G4-5 .. . 


Guard’s, bteam, and tender brakes 

308*7 

2 R 


✓ 
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Thoiw itMlnctionn fioom to show tlmt, in proportion to tho wrieht npon it, (ho sledffo-brake is 
more effleient timn any hmke appH^ Ut the wheels. Of or»urae it is not itsserted that the sledKe- 
bniko could l>c employed in lieu of the prewmi arraitgement ; but tlmt it reiwlers useful, in rctanl- 
ing the train, a larger pro|K»rtiou of the weight on it. 

M. OiEttiN’8 Brake. 

M<^n IM&rdinK Fom». (n Ibt. 

Tahlft XV. « too, on CurUges. 

M. Guerin’s and tender brakes .. .. 35-fl .. .. Yolland. 

Ordinary van and tender brakes .. 40*8 .. .. „ 

Doth these brakes were, for some reason, acting iuefnciently. 

Ingram’s BiiAKE. 

tteUrdlnir Force, in Ihs. 
a tun of Uie CarrUce* 

TaMr XVI. itrakr4. 

Ingram’s ami tcmler l»rnkc8 210*9 .. .. M. S. and L. Railway. 


General Summary. 

Katie of Weight on Brakoa, to 
Ki'lanllRg Forcp smrrsted b,v tlinn. 
or Mean Coeffldei.'t of jh'riccion for 
caefa Biake. 

to 0-1965 
to 0*2082 


Ingram’s (wet) 0*1075 

Guerin’s (Ary) O OIOIK 

M'C'onmdl’s stcam-bnike 0*28325 


Newnll’s (dry) 

„ (wet) 
Fay's (<lry) 

M (we'l) 
Newall’s (dry) \ 
(dry) / 


Fay’s 


FairUtirn 


Yolland 


from 0*1544 
0-0542 
from 0*112« 
0*0570 
/ O lllG 
•'I 0*1020 


That is, the retarding force generated by these brakes varies frwn to of the weight of 
the rarriagea Ut which brakes are applieil, and is ordinarily from Vr to 

This agrees yttry well with the dinluctioiis from experiraentK on the friction of metal on metal 
which give for smooth surfaces a coefBcient varying from 0*15 to 0*2, or nearly identical with the 
best ex{K>rimentM alsrve rviiorted. 

FormuJ4u , — To find the distance on a level line required to bring a train to a stand by 
braking:— ^ 

Let t = the distance of pulling up. in yards ; 

o = the velocity of the train, in feet |>er second ; 

«* = the weight im the bmke<l wh<?ol^ in tons; 

W sr the total weight of the train, hi Urns : 

e = the inclination of the incline to the Imrizon, if the train is on a gradient, so that if the 
incline ris»t 1 ft. in x ft., then sin. 6 = —; 

X 

g — the action of gravity = 32*19. 


Then, if the train is braked throughout, and on a level line, s = — ; and if brakes ore an- 
t’ \V 

plied to a part of the train only, « =s — x — ; or, if the train is cm an incline, 

b/, w 


W 


6/, ± Ui/ sin. 9 

where the + or — sign is ^ bo taken, according ns the incline falls or riaea. 

The value of the wK^flicienl /, must l»e seloeUd frtuii tin? Tables of Kx{M’'riroeiits already given, 
that eocfficient la'ing seh.«tcd which was obtoinetl nnder cireumstanoiss nawt nearly appionchiiig 
thf«e of till? case t<» be dctermiw'il. 

Thus, if the trains are stopped by the friction of their bearing and ao on, without the appli- 
cation of brnkea, /, s 0*13 (mean), and C a 0*78. 

If the brakt« are ordinary guard and tender brak»>s, applied together, /, = 4, and 0 A s 24 
approxiiimtely. ® ' 

For brakes, such as NewaU’s and Fay’s, acting with maximum efficiency, /, = 5*5 to 6*5, aihl 
6 /j s B3'0to3f^‘0. 

w J^qnired to ascertain tlie distance In which a train weighing 60 toms. 
With brakes to 20 trnis weight of the carriages, a'ouhl be brought to rtet, in ascending au incline 
of 1 m 27, at a velocity of 60 ft. a second ; tlicn taking /, = 4, 

t (<!0x60) fiO , 

”6/, + 6g sin. 9 ic ' G x I + G x 32* 19 x ^ ^ 20 ~ 

. wetted by rain, the value of the coefficients given above must lie taken at ono- 

thiRl IcsH, and if greasy, their value may Ins ndue«>d by as much as one*balf nr threo-fimrlhs. 

It IS crmvcment. in some cases, to c.^timate the braking i>ower in time rather than in distance. 
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Now, theoretically, pattine ( = the time of liralcing, in sceomlii, tlien t = j . In |imetiee this iloen 

not hold Btrictly true; hence I = j — r, where w ia a constant to Iw derived from the experi- 
e 

luentM; X « i + j . 

Now, from the OMhftm ex|>erimi<ut«: — 


For Fny’« 1>rakr>i9 x = 3, 6, 8, 8, 3, 8. 

For NewaU'tj broket) x = 2, 5, 0, 7, 8, 9. 

Ileiieo iiienn x = 5'4. 



The almve fommln* will be found sufficioiit for ihe purpose of mK'ertaining the amormt of 
broke-pnwrr n'quinsl to am>«t the motion of any train, within «ueh » distance as may l>eoonsi> 
derwi j»fe by the railway company, or by the engineer : or in any given caae, to determine the 
distnnee within which a train of any itniuiral weight may bo stopped when traveUinc at anv 
vehicity. ^ 

St*^7n-/tM^s . — During the last few years engineera have nmlertaken to eon»tn>ct railway bmkoa 
which would act more effcctivcdy than thasc previously uai-d. Every engineer knows the imper- 
fi^ctions of the ap|mratua and of plans for effecting the n tardation or stopping of truins. Ho 
knows further how urgent the demand for such means U: the more so as it ia drairabh* to takn 
away from the tender h» ranch weight ns (loarible, and strengthen ami lighten the engine by an 
extendisl appUcatiou of steel, so tiint the tender may carry more fuel and fe»si-water, without in- 
creasing the total weight of the engine and loaded tender, or diminishing the isjwer of the engine. 
IndejM-ndently of tinwe considerations, it is generally acknowletlgetl that the ri‘ta^iiig jaiwer 
ought b> proc*>e<l from the aame parts of the m<<clumism which transfers the propelling poa’or, and 
that a properly constmetM broke ought to be opTaU-d by the MvumuluUd force when not 
rc«}uirv«i teprojK*! the train. With those considerations in view, numemuK ex|X‘riments were mode 
and plans tried: however, applicable and satUfactorv results were not obtained. 

A correct investigation will show the error of providing for the carriagea or wagons a sepamto 
brake-m<‘c)iani.sm, even should the power to operate such mechanism be taken from the locomotive 
IxHler. With hieoraotivca, however, moans must be found which will not only allow its to aivumu- 
late a sufUdont retarding force in the Itoiler, hut which will also give us the |w>wor to regulate its 
application and Intensity, so as to destroy, gradually, the work con«TV«l in the train ami clue to 
the weight of the train and its uniform velocity. At the same time the means provided must have 
the |Hiwer to diminish by degrees, ami nltinmtcly to reverse, the tractive power of tho engine. 

W« propose to examine the four following systems of steam-brakes, namely 

1. The reversing of the valve-gear (System IxrcUatelier-Ricour). 

2. The coraprosaion of the stonm (System ZeU). 

3. The «>mpre«iion of the air in the cylinder (System dc Berpies). 

4. Tlie repression of tho steam (Frein k Vapour do l4ambu.H>, and Stcum-repreasion Broke 

of Krauss and Co.). 

The steam-brake of Krauss and Co. was designed bv Proft'ssor Unde, of Munich. 

Tlie systems 1 and 4 depend u|)on tho same priucipfe, that is, tho counterHjffecl of tho steam ; 
but the methods of application are differ<’nt. 

The Jterersiiuj of /Ac rd/w-j;wr. — The motion of any locomotive can be diminished by simply 
rcrersing the valve-gear: but it is easy to understand that the counter-^'ireet of the sb^nm increa.<io's 
quickly tho pressure of tlie Hb^am in the boiler. This is, however, a minor i>*a»oii why the cvuintor- 
clTect of the steam should l>e applttnl, to suddenly stop trains, only in exceptional enacts ; for 
anotlicr disadvantage of a more serious chamebT is to bo met with. The exUaust-fKirt opens in 
locomotives, not directly into the open air, but commimicstes, tlurough the oxhaust-pi[)C, with tho 
interior of the smoke-lx'x. Whilst the cylinders are now drawing in the air, they will thus not Ixi 
filled with pure air, hut with the gases* of combustion from the sraoke-box. which have not only 
a very high temperature of 40fr’, 5(K)'’, and upwanls, hut which also carry with them a great many 
unconsumed parts of the fu»‘L The disadvantageous iuflufrace which the practice of using tho 
counter*|>n>Miure of the st«'am will have ui>on the engine and boiler of a !f«onu>tive will thus Iw nt 
once unuendood. But let us examine the distribution of the steam produced by tho reversing of 
the valve-motion, and wre shall find that it is very disadvantagi’ous, and bemmes still more dhud- 
vantagi>ous the hwbT the engines work and the more [»owerful tho efft'ct becomes. 

Hupposo theemnk to stand at one of the dead jioints A, Fig. 1248, that it travels in the direction 
indicated by the arrow, and thus contrary to the valve-mution ; then the angle of advance hf-comes 
negative. The steam enters the cylinder beliiml the pisbm, until tho latter hos roached tho 

C )int B. where, at the ordinary working of the engine, the steam in fnmt of the piston lh>gan to 
} mimitted. It U a very short distance, Imt the clearances of the pisbins are filled, and a small 
but arotdereted expansion of the steam takes place till the piston rwluw the point (\ The com- 
preasion began formerly at that point, hut now a coramunication with theexhaust is effected, which 
remains open and allows the air to enter the cylinder Ix-hind the piston dnring the full forward 
stroke. This commnnication with the exhausbpipc continues in front of the pisbm b> the fwunt 
D. where fornwrly the releoae of the sb*am began ; an insignificant cnin|»ression of the air follows 
next, till the pisten arrives at E, where foniierly the ex|>ausion of the ste'nm began. But only 
now, after the piston has travelled a port of its stroke ami its velocity becomes gr**at in pm|torti*m 
to the velocity of the crank, the a<lmission of the counter-effect begins through the slowly-opeiiiiig 
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port: the pUton lift* to travel b farther digtance. dependent upon iU velrjcity. before it meeta in 
Irani with steam of sufficient prewnue. The moat imiwniant wrioJ has almost |«ased ineffi- 
cacionsly, and the work done by the piston is tlms very insiffnificant. That work is represc«b*d 
in a jrraphical manner in Fig. *1248, by the dark hatchings <i 6 c d, after the accelerated expansion 
work ede lias been diducUnl. 


1SSI. i 124». 134S. 



Diagram for tiie Diigmin for the Dmgrnm Ibr Diagram tiir 

steam-Tfprfuion brake. coenpresftion of the steam. Landsee's •tenm-hrake. rerereisg the valre>gear. 
System Ztk. 


Fig. 1248. — ec, PrvMure of the steam la the boiler. Beginoiog of the admiaaion of the counter- 
steam in front of the piston. D, Eibaust shut before the piston. B, The admission of sloam cut off 
behiud the piston. C, Eihatist opens behind the piston. 

Fig. 1249. — (>, EsKausi opens behind the piston. E, Exponsioa begins behind the piston. B, Admis- 
sion et the steam begins in front of the piston. C, Eihatist shut before the pbton. 

Fig. 1250. — D« Exhaust opens behind the piston. £, Kx]iansion begins l^hind the piston. B, Com- 
raunkation with the steam-ch»t begins in Trout of the piston. C, The admiaaion of the counter-steam 
begins in front of the piston. 

Fig. 1251.— U. C«mrouDicatioD with the steam-chest begins in fi*ont of the piston. C, Compreasion 
b^ns in fiont of the piston. Dy Admiasion of the oounter-stenm begtm behiud the piston. E, Com- 
munication with the steam-chest shut behind the piston. 

Engineers have always bail sufficient reason to regret tliat drivers should bo prohibited to apply 
this simple and powerful means of stopping trains ; and, moreover, retardation by means of friction- 
brakes, oonsidcit'd theoretically os well as practically, is imperfect, since the rit rim of the trains 
bad to be entirely destroyesl by an external application of the brake, to diminish the velocity. 

It is not surprising, under such circumstances, that the proposition of Ivcchatelier wos soon 
approved of and applied first in Franco and then in Switzerland. According to M. LechatcIieFs 
plan, Figs. 1252, 1253, a pipe is led from the exhaust-pipe of the engine to a small closed veasel. 


1S5X 



which is oonnect^ with the boiler by two other pipes, each furnished with a cock. One of theae 
oomnDumcates with the boiler above, and the otoer below the water line, and by means of them 
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B mixture of steam auJ water can be introduced into the closed vessel, and from it, led hj the pipe 

first meiilioiHtl, to tlie exbaust-pipe. Tho action of this arrangement is as follows: When 

the engine is reversed for the purjifwi'' of retard- 
ing the train, the pistons would, under ordinary 
cirrumstanres, pump air into the Ijniler, mixtHl 
with dust from tho smokc-lM>x, cutting and da- 
maging the working surfaces of tho cylinders and 
valves. 

To prevent this damage, M. 1.4'chatclicr’s plan 
provi<les for the admission of the mixture of steam 
and water into the blast-pipe when the engine is 
reversed, and tho pistons tlion pump this mix- 
ture, instiwd of air, into the boiler. The w'ator 
serves to lubricate the pistons, and the quantity 
admitbul is just about as much as will be evapo- 
rated by the heat generated by the friction of the 
working {larts. The supply of steam the blast- 

pi{>e is generally allowed tn be somewhat in ex- 
cess of the quantity which can bo pumped back 
into the Imiler by the putpms, and the small quan- 
tity, which is thus constantly esenping at the 
blast-nozzle, serves to prevent the admission of a currctit of air. But experience has not only 
shown that Is.'chatelier’s method, especially at a high speed of the engine, is in many cases not 
powerful enough, but that the admuaiion of tho proper quantity of steam and water requin^s great 
skill from tho drivers. 

The Vi>mpn$sion of the Steam. — The method proposed by Zeh takes place by shutting tho 
exhaust-pi|H.‘ and placing tho valve-gear on a high graile of exiMnskm, so that the stf-ani has to 
perfonn not only little work, but the escape of the ex|ianded steum is also prevented, and the 
latter is thus compressed at the backward stroke of the nishm. 

The diagram. Fig. 1211), shows that the intensity of the effect can only be increasetl to a trifling 
degree. The pressure of the steam in front of the piston and at the eommenci<tueut of the stroke 
can only be little more than that of the atmosphere, and tho piston has to travel half of its str<»ko 
befon? tlie compn'Asiou at C begins. When the crank arrives at B, almost at the end of tho stnike^ 
the pressure of the steam in front of the piston is still much less than the pressure <»f the steam 
in the boiler which acts now u|tr>n the jiistou for the remainder of the stroke. We get thus at 
first a n'tarding work, represented in the figure by the an>H ah ted; next a propelling work, 
represente<l by the area a c c c/, and comjnw'd of tho area c c, the work done by the full pressure of 
the itcam, and tho area e u, tho work done by the exiNUision of the sti^m. The comiiarison 
between the two works shows in fact a very insignificant effect of Uiw method. 

The Oitsi^frestion of Air in the Cyiinders lias been proposed by M. de llergues as a means for 
retarding the motion of locomotive*. According to M. ue Hergiies' plan, the regulator and the 
blast-pine are shut, the admUsion-pipe is put in communication with an air-veosel which is 
providm with a Sttbrty-valve, tliu exhaust-pipe is put in communication with the atmosphere, 
and the valve-motion is reversed. The counter-pressure can thus U? increased to u certain ilegrcc, 
independently of the prt'asnro in the boiler; but here also the disadvantages appear ti> be very 
great. In the first instance, M. de Bergues sacrifices the rtdaii(»n to the boiler; and henee ho 
cannot accumulnte a sufficient retarding force. Next, he revena's the valve-motion, and has thus 
from the Ijcginning a disiidvantageous diMribution of sUntm, which, morcovur, must proilucc a 
limited efie<'t of the power, as the pressure of t)>e steam is very variable. 

The air-vossel must not be too large, in order to pr<Hluc«, quickly, highly compressed air; 
a perceptible reduction of the pressure of the compressed air eflWta the filling of the steam- 
cylinders. The compression produces, besides, a high temjiemturo in the cylinders, which roi|uiro 
special precatitions aud a very abundant oiling ; finally, the arrangement and management of the 
ap|>amtux are rather (x>mplicated. It gives very good results for short runs, but not under pro- 
longed working. 

.<tetim-/imiu of At. de Landsee. — M. dc I>an<Lkij acts upon the very correct principle to prtsluco 
the retarding prjwcr by means of using steam from the boiler as a back-pressure uj>on the pistons 
ill a more advantagc<ms manner than with the reversing of the valve-gear. For that pnr|K»e, 
M. de Ijuidace adds to the engine for the admission of the sUiim in front of the pishm a M-cond 
valve-gear, to the cylinder another sb-aiu-chest and another system of ports; for the movement of 
the second valve he fixi-s an eccentric rectangular to the rmnk, a link and the necirswirv* gear. 
In order to retard the motion of the engine, the exhaust-pii»e is shut, the main valve-p*ar is placed 
on a high grade of exfiansion, so that the steam Isflund the piston ix rfonns a little work by 
ex|iansion, W'hil.>^t the steam in front of the piston, which has entereti the cylinder through tho 
second stcam-cbest O, Figs. 1*254, 125.% is pressed bock into the boiler, and acts thus by its 
repreeiitHi u|Km tho jiiston in compariiam to the compression p«Tfonncd in the cylinder. 

It must be admitte<l that this arrangement ofl'ers a satisfactory soluti<m of the existing 
problem ; but if the apjsirutus is destined to pnaluce a more powerfuJ elTect than the ap]simtus 
previously examined, two moments of some imjiortance have biM-n neglectc'il. 

lift us examine what occurs during one revolution of the crank. The main valve H is 
BUpjxwed to have offcucd the jtort os much as the linear wlvance. The clearance of the jiiston, 
which in the pn^wuit ctjustruclnm is enlarginl on account of the second fiort communicating with 
th<* steam-chest (4, amounting at lenst to 7J per cent, of the volume of the cylinder, is still 
filled with sUain from the lust repression. If we 8upjs»so to ba the degreo of eX|jansion, or 
17| per cent, the filling of the cylinders, c e will show in a graphical manner, in Fig. 1250, the 
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work (lone under the full preapuro of the i«teftni, ami t D the work perfurmeil durim; the exponaion 
of the tftenniT where D it^presenta the beginning of the releaiic of the atenni, which takca place 
mi. is-'is 


alter the pi.»tnn hna travelled nliout 70 per C(!ut. of the atroke : the ateam wilt thus have lost 
in a jiMportion of 77'5 to 17*5 of iU prt'esure. Although the exhnust is sliut and prevents 
the eNcn|>c of thU steam of almost 1 of the pressure of the steam in the boiler, a eonsideralde 
Volume of fresh steam enterw the cylinder from that |«rt of the exhaust which extends to the 
distrihutinu'Vnlve 8, and which bad l>een filled during the preceding repression. If we suppose 
the volume of that {lart to bo 20 |K*r ceut. of that of the cylinder, the pressure of the steam will 
incrcose in a proportion of 


17 _^ 

77*5 


17-5 . / 17*5\ 20 17*5 . 17*5 , „ 

77^1 V ~ 77-5 ) 97-5’"' 77-5 • 77-5 


At the end of the stroke the premure will have again di^roased in a proportion of 127*5 : 97*5, 
and we get thus with a pressure of 8 atmosphere in the boiler, after all, ouly a pri'ssure of 


/17'5 \ 97*5 


s 2 ’ 3 atmospheres. 


The value of the accelomti-d work is thus higher than at first oalcnlatcd ; it amounts at 
least to -15 |ter cent, of the total work perf()rmed by the piston (according to Hoyle’s law). Hut 
another circumstance, which reduces the retarding power at a high s}>oed of the Incomolive, has 
Im>cu entirely neglecteil, namely, the want of hwd for the admission of the cnunter>steani. Of 
ooiirse. this lead could only be obtaim^l on account of a still more disadvantagiHms distribution 
of the steam on the Uiekaard stn>ke of the piston, or by fixing a fourth eccentric. The valve G 
must thus travfd a distance correstionding to its lap, l>erore it admits the counter*stoaiu into the 
cylinder, after the piston has reached the end of the stroke. At a high s)>eed. the piston will 
have to travel a considerable ]>art of its stroke before it meets in front with stewm, the pressure 
of which is equal to that in the boiler. 

The whole oonstruetbm, although very ingenious, is too corap]ient(sl, and the large clearances 
of the pistons, rc<|uired by the two systems of |M>ria. are great disadvantages. The simple 
principle, to admit st*>am into the cylinder, and to have it pressed back into the l)oiler by the 
m<»venH-nt of the pishm. without any modification of the valve-motion, but by allowing the steam 
to enter the cylinders through the exlmost-pipcs, insU^ad of through the ordinary steam-pipes, has 
been adopted in 

The JleprcMtinn firake of Arotnw <tnd Co.^ Mnnich . — This plan consists in an arrangement by 
means of which the steam c^n bo made to enter the cylinders through the exhaust-pii)ea, instead 
of through Uie ordinary steam-pipes, the blnst-nozzic being at the same time closed, and the 
steam admitted tbrongh the exhaust-piiH?s being pum|iod laick. |Muily into the boiler, and jartly 
into the steam-cbcsts, from which it eitcnpes through an adjustable valve into the chimney. Of 
course, the engine has not to be reversed, as in M. Lcohatelier's arrangement. 

The simplest arrangement is to place the regulator in the sm<»ke-itox, and to provide it with 
a segment-valve, as shown in Figs. I2.V> to 1259. The regulainr-valve R is connected with the 
Unst-pii>e by a tul )0 A. and the blast-pipe U also provided with a segiuent-vnlvc H. When the 
irdet to tlic stcam-chcst is shut by the flrst-menti«mc(l valve, and thecrmimunication w*ith the blast- 
pi|>e i.H open, the outlet of the latter being shut, then the steam i>asses from the Iwiler, through 
the tube and the blast-pipe, into the outlets nr discharged {lorts of the sluh^-valve, and nj.sh<w 
against the )>iston with a counter-pressure equal to the steam-pressure during lu^rly the full 
Mroke, that is to say, iluring the time that the steam is acting to work the engine: during this 
counter-pressure the steam is returned into the Isdler. When al^mt ln»» been 
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am*ropliihwl, the outlet is shut, end the steam beinp still in the cylinder, is further compressed till 
the ordinary inlet is onenwl by the slide-valve ; and this steam can then csoaiw to the Mtcam-ch(¥t, 
and from there ihrfuigh a valve to the chimney. This valve is rejrulnted by a cock, and can be put 
in communu»tion Uinmjrh the inlet-tulie. Fig, 1201, with the steam-chest, but during the working 
of the engine the valve is shut. This valve n gu- 
lates Uie quantity of steam which is n-tainwl in the 
steam-clu“st. and also n^gulates the work of the 
brake. The regulation of the Imck-pressnre may 
al.so be eff<‘oteil by n'gulating the steam-pressure 
in the blast-pipe, and this is done by enlarging 
or narrowing the inlet opening, also by admitting 
st«‘am to the sb'am-chest tlmuigh the regulator- 
valve ami ei|>an8ion-valve ; that is Ui say, by the 
introduction of steam into the cylinder on Iwtii 
sides of the piston. To simplify tho working of 
the apfiamtiiH, tho regulator-valve, the blast-pipo 
valve, and the valve with the regulating cock, 
are conm«te<i hr levers, so that by simply moving 
the regulator ll»e engine can be driven at full 
s|M>ed, or can Im reverswl. By this arrangement 
of tho apijamtus it is po^iblo nearly inslantant*- 
ously to change the pr«iwdling force of the engine 
into'a rctanling force. When the piston is nearly 
at the entl of the stroke, on the other side, the 
slide-valve U‘gins to oik*u the admission ojs*n- 
ings, ami the steam passes into the empty eyliii- 
der, w» that tho latter is full of steam when the 
>iston r<*tums ; this sU-rtm is now forced l»ack 
nto the lK>iler. This action wntinuoa till the slide-valve shuts the comraimication Wtween the 
cylinder and the mlmissiou ojKjning ; the confim-d Ht<>am Is then further cnin|»re8sed. This com- 
pression is at the highest point wium the slide-valve is in coinmuiiication with the cylinder and 
the steam-chest just before tlie crank is at the dcarl point; the sUam then {lasseM into the 
steam-chest and through the valve. It is ni'f^vmry that the slide-valves should be prevente«l 
from being pr«‘sse<l back by tho compretise«l uteam, and Fij^. 1257 to 1201 show tho arrange- 
ment employwl for that purpose. The valve, it will Ijo aeen, is litt«!<l with a piston, at the 
iwick of which is a hole, which is eonnt'clcd by a tube with the Idarit-pine, so that while braking, 
the steam can act u{)on the piston and prevent the pressing l«ek of tne slide-valve. Fig. 1251 
shows the distribution and action of the sU-tuu in a graphical manner. At I), where formerly tho 
rc'Icasc of the steam In'gan. the admission of the counter-steam into the cylinder cnmmoncea, 
sn that when the piston arrives at the end of its stroke, the whole cylinder is filled with counter- 
steam, which has to 1 h> presiwd back into the boiler by the piston, till the crank has reached 
the )K)int C, when (he communication with the blast-pi{ie is cut otT. The remaining sb-am iscom- 
pn-ss^l until tho jaunt B is nwchKl, when it iHcaiMW through the valve into the sUam-chest. 
Whilst tlie steam acts with full presMun* tluring the whole stroke la fnmt of tho pisbm, the corn- 
munioilion wiUi tho steam-chcet is maintained Mimi the jdston, until the crank arrivM at tho 
point K. 

IfynimomfUr^Jlntke. — /*rony*» FciW»o» I^ynmnmn^tfr^Jirakf . — A friction brake may be employetl 
to mea.Htm? the j>ower apjdied to, an<l tho mechanical eflfert prnductMl by, a shaft or other jairl of a 
mneliino which revolvoa unifonuly ; it must he clearly un«lendood that neither the power nor the 
effVcl can br? moR8ure<l unless the revolutions continue uniform aft«;r the brake is apjdied and 
Bdju*U<«i. BioU'ii and Fardy, in 1821, apjditxl a brake aa a dynamomet<*r to determine the jiower 
of water-wheels ; hut M. Brxmy first ajqilied a brake to determine the power transmitted by 
sU*ixm. 

It was delennincd by experiment tlint friction hml a uniform resisting jmwer tliat might l»e 
intensified by pressure : Brony contrivoil a brake to apjdy this retarding iwwer to bring revolving 
shafts to given or rojuired uniform velocitiea. ao that the jKiwor applied by. or «>nsc'rv<xi in, a 
machini! might be measured. I’rony’s brake, in its simplest form, is shown in Fig. 12U2. I^t the 
circle () be a cnMa-section of a horizrmtal shaft, ^ 

which is revolving, hut not unifonuly; M, M, A, 
is tlic brake, the pr<‘seure of which may be in- 
creased or diminisiu'il by tighbming or hxm'ning Tr^'V-i — 
the screws c, c, rcsjMviively. A circular cav'ity is il_L ° J_iL 
made in tho two wofxlen jaws M, M', which re- "l 

reives the revolving shaft () : the u!>|mt jaa* M is “ “ 

lengthened to HU)>jxirt a lialaiux* soue A r, which 
may lie Inadixl with any roqiiinxl weight. The 
operation which we are about to di^scrilte must not 
be amfouniK‘<l with that of weighing a bmly by means of a lever and fixed prop. Now, supjxxie 
that a shaft O nmk«-s A uniform revolutions a mlnub*. and. at the same timcw drivea auy machinery 
wliatever, and that we reijuire to know th<! amount of iiower employed in driving such machinery. 
To effect this object, the communication between the simfl O and the machinery driven by it mii-d 
be removed, and the brake so tightemd on the shaft that it will make just A r<;%'olutions a minute. 
While tho brake is Wing j»re«scd by the screws c, c, to obtain the neceasary amount of friction, it 
is nrevent«l from Isdiig tunied with the shaft by props. Then weights are jdacctl in tl»e scale A, 
to Dring the arm M A into a horizontal position : the projw which prevented the brake from being 
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whirled round with the »h»ft are not in c*mtact with the brake when M A is hori2ontal. When 
the brake is thus screwed up and poised, the shaft must continue to make * uniform revolutions a 
minute ; then the power trausmiltiHl by the sliBft O may be caleulatfHh I.et I’ ^ the weight sus- 


jaws M, M', upon the revolving shaft O may be resolved into normal forww n, a', n'\ .... and 

tantsentnl forces /,/*,/' acting in the direction of the rotatory motion. \VTien the eqni- 

librinro of the apparatus is establisheil, the sum of the moments of these different forces, in relation 
the centre of (), must be equal to zero. But the normal forces have no moments, and if r be 
put f<w the nulius of Uie shaft, we have the M^uation /c+/’r + /"r-f . . . , — — 

Or putting 2/r for the sum of the forces/r -f /*r + f’r + .... we have the equation 

2/>=I*P+Q7. [1] 

Taking the angular velocity at the distance of a unit from the centre of O (see ANori.AB VEi.oaTT), 
the work of friction for one revolution is found by multiplying 2 /> l»v 2r, » being put = 3*14159 
. . . . ; whence, if N = the number of revolutions a minute, and if be put for tlio work of the 

friction in a second, we have 2 /c. When the value of the general expression con- 

ventionally written 2/r, from <viuation [I}, is substituted, we have 

+ Q»). [2] 

The weight V, rer|uire<l to bring A M to a horizontal position, and the perpendicular distance 
p, are known. The moment Q? maybe found in the fol- 
lowing manner The ap|iaratus is weighed, as shown in 
Fig. 1263, by supporting the brake, detached, on a knife* 
c<lge I, and bringing the lever I A into a horizontal position ^ ^ 
by mtwns of a weight P' attache<l to a cord, which jMsisea 
over a fixed puU^, and is connected to the end A of the i 
lever. The frietkm of tiio pulley being ncgh-ote<l, the ten- 
siou T is etpial to the fiuce r', and we have the ecpiation 
Tp = Q7 or 1*> = [3] 

The weight P' is termed the {H rmanent Itwid. g 

Substituting fur Q7 in equation [2], we obtain the equation 

N the uniform revolutions and P become known when Iho brake is perfectly wljusted. 

If, for example, p = 2“*50; P' = 30*‘ , and the shaft O, Fig. 1262, to make continually fwly 
uniform revolutions a minute when P = 120^ , then N = 40, and tlie general t-xpressiou 




3-14159265 x 40 
30‘ 


(120 + 30) X (2-5) = 1570-70633 


French units of work, or 1570-7t«Ji33 kik^^mmes raised the height of 1 metre. Tlie Fn-ncli 
eoiLbider a horse-power = 75 kilogrammes raised 1 metro in a second. 75 French units of wurk 

3<i0l)U 

arc equal to 542-5 English units of work; • 542-5 tl 1 ; -9861; therefore an 

<>0 

English hi*rse-p«>wer is a French horse-power, as I is kJ •98B4 nearly. 1570-79633 75 = 20-94 

horsc-powtr, according to the French mctlmil of lueasuieinent. 

Again, suppose p = 8 ft. ; P' = 50 lbs. ; I* » 25U lbs. ; and N = 40; then 




3-141G X 40 


30 


(250 + 50) 8 ^ 1Q052’ 12 units of woik a minute ; 
10052-12 


550 


‘ = 18-28 horsc-powor (English). 


In prai-tice, Uio jaws are not directly applied to the shaft; but if the latter is of ca»t Iron, 
a circular frame, expresHly frame*! and b*.ut*<i fur that pur* 

|Kwe, is fasteiKd to it by means of adjusting-screws. If 
the shaft Is of tind>er. and of a larg5 suk\ it is surrounded 
by a ring formed of two parts and provided with screws 
fur its correct ccmteriiig; this ring is fastened to the shaft 
by means of w»«dgps. In both casc» the jaws of the brake 
are applied to tuo circular frame or ring, as shown in 
Fig. 1264. 

If the product 2 /r or c2/ romaiiiH the same for an 
e«inid DumiK-r of Imrse-power, 2/ U so much greater, the 
smaller r is taken. But the friction may thus brcoine 
too great, and by altering, conse*}aently, the contacting 
imrfaces, it will also lose its uniformity. Experience has proved that with 

a diameter of between ' and a velocity of Wtween , the ixiwer can be measured of 

16 and 20 centimetres, . 20 and 30 revolutions per minute, 6 or 8 horses, 

itO „ 40 „ 15 ,, 30 „ «. 15 „ 25 „ 

GO „ 80 „ 15 „ 30 „ .. 40 „ 70 „ 
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A hiph upcotl ia, boaidoa, favoumble to the reffularity of the experiment, as M. Morin has eon- 
firiiKHl at Bonchet. A uniform friction is noceiwary for the miiintenance of the oiuilibrium of the 
lever during the motion of the shaft ; the lever a««m«w always a little fwcUlating motion, 

which ia of no wnsequence as long as it keeps within strict limits : but if these osciltations Ijcoome 
cwisiiierable, an irrt'giilarity in the friction has taken pUci», and the retarding imjwct of the fric- 
tion mimot finder such circumstances be ineasurwl. 

On ft«y»unt of the lengtli of the lever, the weight ut A, Fig. 12tJ2, may of itself tighten tho 
screws ; in order to remove this inconvenience, which sometimes prfsluci-s false n>sulU, M. Ptnicelet 
hns proposed to make the two jaws of ci|ual 1-Migth, and t<.> place th< Istlts near |H>iiit A, 
Fig. 12IJ5. The flexibility of the wood permits a gradual tightening, which renders this armugo- 
nient preferable to the onlinary one. 

To establish stable e«iuilibrium, M. Poncelet applied 
the weight, not to the js>int A itwdf, but to the end of 
a vertical rrsl A B, fa.'bmtd to one of the jaws. It thus 
happimK, that if tho lever licgtns U> turn round with 
the shaft, the levor-arm of Uie weight P increases im- 
meiUntely, and the friction ceasing to Ifepnismdcmnt, 
tho nj>]simtiis returns to its e<{uilihrium. 

If ( he siiaft is vertical, the weight cannot l>o npplitd 
directly tlie end of the lover, hut a cord fastenevl to 
it is made to pass horizontally in a per}iendicuiar direc- 
tion over a flxed pulley. 

A plummet snsfwndod before the end of the lever will show the position of the brake when 
cfjoilibriiim is established. 

M. Morin Ims extemied the useful application of the brake as a dynamomet'-r, for he does 
more tlian measure by it the work done for a given or ro(|iiin<d uniform vehanty of u shaft. 

The extended ajiplioatinn to which wc allude mnv be thus deacrils'«l ; — 

When the shaft turns round witlamt meeting witli any rcsisUnee, and after the snpp>rtsof the 
lever Imve been rcmovcfl, a weiglft between 5 and 10 kilr^mnunes is placed at the end of tho 
lever; the screws an) now tightened, till an equilibrium of the nppamtus is established. The 
uniform velocity or simhsI of the shaft is measunHl, and tho units i>f work done arc ascertained. A 
new weight is again adtUnl to that already acting at the end of the lever; th<* screws an; moilo 
more tight, until equilihriiini is again established, and the uniform sj[>ee<l of the shaft and the 
work perfnnned are detenninod. Tho weight at the end of the lever is gradually incrc-ased. and 
tile screws for tho establishment of an etiuilibrium tightened, till the shaft sto|>» or (urns in an 
im>gular manner. The work done, in each second, U thus obtained for a variety of uniform s^iecds, 
from the greatest to the biisl ixwsiblo. A curve is drawn, the alwcissss which rrprc«*mt (ho 
velocitic*, ami the co-oniinatos the corresjtonding values of the ratios between the work given by 
tho brake and the work of tlio motor. This curve indicaU's the nature and power of the machme ; 
it gives the (^erformrsl work eorres}Kmding to an average unifonii sjtei^d of a shaft, and, besides, it 
shows the miifonn speed which com-stNinds to the maximum effect 

Fig. fi'presents the n^sulU of a series of exm‘riin(*nts made with a turbine of the System 
Fontaine. The ahHcissn; are pro^iortional to the numnor of roTOlutions of the wheel a minute, ami 
the cHvrrnlinates repivseiit the eorresjtonding values of tho actual effects multiplied by 100. It 
will lie («H‘n from the diagram that the maximum actual effivt Is produced with aUmt forty-five 
uniform revolutions, and that this maximum is about U'GO, that is to say, the maximum actual 
effect is 0 ’ CO of the motive power. 



Writers on mechntiics, and eapecially tho.se who attempt to 
explain the action of a brake employetl as a regulator to pm- 
duc»> a uniform eflVwt, do not tlraw a pro|»er distinction l»elwe«*n 
the action of a toggle, and that of a syHt4^m of c'>mpound lovers. 

To place this matter in n char light we have only to<‘XpIain the 
action of a simple haggle-joint, since the properties of the lever 
are well known. 

Is't .\ B « B C = 144 01 in, be the arms of a toggle-joint. 

Fig 1267 : the point A is fixtHl, but the rod A B maj’ be tumwl nmnd A as a centre. The jninU 
B and 0 are also loose, but C is crinstraineii to move in a given path. In the right-angk*d triangle 
1) C B 2 ! 1) A B and D B peri>emliculftr to A C : putting II B s 2 ■ 4 in., then C D ss D A = 1 43 • IW in. 







A little more than knlf the brake U shown 
in this ligurc. 
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Suppf»i*e ft for<^ P of 200 Um. to be ftppllwl at B. in the <lijpectlon of B D as indicated by the 
arrow P; when the two iian A B, BC, arc bmuji'ht into a tdrai^ht lino in the direction of tbo 
ftm»w Q, wlmt weight W may l»e thiw movt-d by the aetton of the force P? W ia conatraintnl 
to wove in a given ))ath by ttie action of tbo e<]ual forces U and S. Units of work done by 

r= X 200 = 40 imitaof'wurk. 2S7»8 = AC, nnd A B + HO =2S«-02. 288 02 - 287'98 = 
’(H in.y the space over which W miut pons in the direction indicated by the arrow Q when B U 
moved from li to I). W = the uuiUof work done in mUing W,eontH.H^uently -^W=40, 

or = 40; W = 120D0 lbs., w hich exceeds 5 bins. 

John (Jeorge Ap|siM‘a brake, which oonstihitetl the most im|)ortant part of the machinery 
ciiiployrsi hi |«y-out the French Atlantic Cable, owta* its cfBcieney and suco^as to a judicious 
application of the toggle-principle to 
contffd and regulate the ndnrding 
|K>wer of friction. The principle upon 
which Appold f»rm«l ibis mechanical 
cotiibtuation may Ite thus explained 
In Fig. 12G8, O is the pivot of the 
bmke-whe»*l, C the pivot on which the 
lever C, A, B, woricH; W reprvMmts 
the weight on the brake. The brake- 
whei‘1 I) K is attacIuMl to the jsiying- 
out drum. When the friction of the 
brake-strap B 1> K A is greater tlmn 
the weight W, the latter is liftwl up 
and lakes a |>osition ir: CBA takes 
the {Kwitiou C6a; the strap takes the 
ismition 6DE0; and the fore© W may 
Le resolved into two forces, one acting 
along 06 c, which is neutralized by the 
pivot C, and another P acting piTpen- 
dieular to Cu; the reacting force Q 
on the pivot C atraighhms the toggle 
O C ri into its original position O C B A, 
by a V4>ry trilling force Q. Thus the 
strap <1 K I> 6 is relaxed and allows the 
wbe*©! 1)K to slip. 

J, U, Afijnld's Brake Appamtu$ for W 

StOutiitrine Tfte>}nt^ic (’aWcj*, 

Figs. 1270, relates to a novtd 

arrangement or construction of a self-acting or self-relieving brake, which nmy l>c ailapttd to 
the drums, pulleys, or shafts of the amstratus employtsl fur submerging or |myiiig-out tele- 
grapbie cables into the water. It is a«tvisable that the strain on the cable while* being jsiyid- 
out into the wnter should be always maiiitalmd as uniform as poesible under all eirciimstaucas, 
so that no danger of breaking or damaging the cable by any smlden or undue strain may be 
opprehcndeil. Tins object is elTL>cte<l hy adapting to the shafts of the imying-out pulleys a drum, 
on the surface of which a nuifomi friction is maintained by means of bindiug Isinds or straps, 
which are conni<ct<d witli a weighted vibrating or movable lever. This lever Is caiwble of Wing 
weighted to any desireil extent, according to the amount of friction rei|uired to 1 m mnintaineil. 
The weights or pressure put on the brake detcmiinea the friction thereof on the rotating drums, 
and eons4i{uently the amount of strain on the cable, which strain can be rcgulatol with nicety and 
great facility. The weights or pressure acting on the vibrating lever or other convenient part of 
the brake has a tmideiiey to draw the friction strap or bund tight on the rotating dmm, w'hilo 
the ndation r»f the drum lias a constant tendency to lift the weight, and, by loosening the strap 
or band on the drum, to relieve the bmko from the pressure to which it is subjected. From this 
it w'iil bo umiersbKd tliat these two forces are acting in opitoMitiun, and oumimjueutly the one has 
a tendency to counteract the other, so that a uiiif<r»mi strain nr friction is always maintained on 
the rotating drum, the amount of the friction btung regulated by the amount of the pressure or 
weight adapted to the drum. 

It will now bo understood that the brake is perfectly self-acting, and the frictiim thereof is 
always maintaineil nnifomi. Provisinu may Im made for relieving the broke from pressure 
iimtantanermsly when re<{uirod by mi>aus of suitable gisiring, whereby tin; weighU'd lever or levers 
is or are lifted up, and the friction straps or Imnds thereby loosened on the rotating drums. This 
may be efl*>cted by means of a hand-wheel, or hv nmnecting tho gearing with a drum or shaft to 
be actuated by the engine which works the {siyiug^nt gear. 

Fig. l2tK) is a siile elevation, nnd Fig. 1270 a plan view, of an apparatus for |J8ying-ont cables. 
The coble a enters the apparatus over a grrsiren guhb^-wlieel or pulley from whence it j>as»es 
to one of the grooves of a four-grvsivod drum or pulley c, and after {lassing round this drum or 
pulley it is conducted round a similar gitjoved drum or imlley d, and so on, the cable being made 
to pass four times round the two-grooved <lrufns c anu'd, fitim which it is uUimalcly delivered 
4»ver aunlber pulley c, either directly into the water or thrmigh a <lynnmomoter aftfianituH, 
whereby tho tension or strain on the cable may be nacertained and indicated. On tho axles or 
shafts A of each «»f the gror»vc4l drums c nnd J are two friclUm wheels or drums /, /, y"*, /*, which 
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ftre TOiTounded by friction-baiida j;, provided with uefcmental bl«»cka of wood, whieii when 
the l«ndii are ilmwi» tijfht nre nuide to ureas on the surface of the wheels or drums and 
thereby pn^uce the nn^'saary amount of rriction to act as a brake u|x>n the drums. On the cuds 
of the shafts A are mounted the h«>thi*d wheels •, i. Kip. 1270, which are geared together by the 
pinion ». and therefore route at the same speed. This toothed gearing, however, is not required 
while the cable is being lowered or submprg«l. and ther< fore it may be tlirown out of gear during 
this operation, and will onlv In* r<H|uire<l when the apparatus is used to haul in the cable, os would 
be roi|uircd in case of acciilent to the cable. 



i2;o. ^ 



The ends of the straps nr Imnds <7*, are seeure<) in any convenient manner to pins i, Fig. 
1269, fixed on the vibmtmg levers /'• f, each of which iiasses through a hole made in the arms m. 
'I'he holes in these arms form the c<mtres o( motion of the levers f, f, and as tluwc ciuitres of motion 
are 00 one side of the centre of the friction wheels /,/*,and baiids<7.<;*,it follows that by causing these 
levers f, to move on their centres of motion, as indicated in Fig. 121*9, they will cither tighten 
or loosen the frictiou«bandis according to the direction in which the levers are moved. On tho 
np{H‘r side of the Isuids are fixed the Mocks a, n, to which arc atUciiid the horizontal rods v, o, 
wnich are secured at one cml to one of the blocks n by an adjiisUble attachment, as shown in Figs. 
1269, 1270. and they are jointed at their optsisitt' emls to the vibrating bcll>crauk levers />, p. 
Thew* levers arc supj>ort(d in bearings flxixt on the framing, and to the longer end of each U 
adapUd a weiglit or weights, or a system of sittings or otl»er contrivancca. whereby the levers may 
be depressed : and bv the levers thus drawing fitrwnrd Uie liorizontal nsls <n «, they will U-nd tn 
tighten the frirtK*n'i*ands *j, <7*, round the frictiondrums /, J"*. It will now l>e umlersUsd that 
as the cable is being |nycd-<iut, it (by p^ing round the grooved pulleys c and d) draws the 
friction*whecls /, /, round, and by the friction of the whe»*U / on the bands y*, j*, tends to open 
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Uio Inttcr, ftnd thi'rf-by n^lieve the whccla from the friction of the >Mn<Ia. At the name time the 
wciuhts or B|irin"9 on the emU «f the lieU-ernnk lever* /j, p, will draw the friction Btrop* or iMiud* 
7 , If*, in the opj>o«ite direetion, thereby ImTin^ a tendency to tighten them on the frictinn-wheel* 
/, /*. Theeo two fnrw* will alway* Ik* acting; in contrary direettona. and any increai»e in the action 
of the one will he counteracted by the other. In oitler to prevent any jar in the machinery by 
the wei(;hta at the end of the bell-crank levers p, p, suddenly dfwcoudinR when the friction on the 
lianda or atrap* </, </*» alters, it is convenient to attach to the weights, wliich are mwle of a cylin- 
drical or other convenient fr»m), a piston, which is made to w'ork in a cylinder q. This cylinder 
nr drt«A-;int is supplii*d with water, and 
as Uie piston is made pretlv nearly to 
fit the internal diameter ofthe cylinder 
q, the water will to wmie exh'nt m«sle- 
rat(> and regulate the motion of the 
weights, and will prevent them fn>m 
jumping up and down. It is e*»nve- 
nient to cause the friction-whetds to 
rotate or work in waU-r, as shown at 
Fig. lt^70, for the purpose of keeping 
them cool. 

When a dynam»»meter a]>|>aratns 
is employwl in conjunction with the 
paying-nut apimratus. for the purpose 
of indicating the changes that take 
place from time to time in the tension 
of the cable, Ap{>oId employs an a]i|iA- 
ratus constnieteJ upon an improved 
plan, whertdiy weights am disponseil 
with, and springs employed in placf* 
thereof. The cable wlien dclivcrwl 
from the |iaying-out apjmratus above 
described, jiasses from the delivery 
pulley under or over a movable pulley, 
which is muunte<l on a block that 
works up and down in vertical guides. 

Tltis block is sup|)orte<l at a given 
altitutie in the guides by means of 
coiled or other springs placed either 
above or Isdow the pulley, which is 
made to l)car against the cable, and 
as the tension thereof varies, so ilto 
pulley with its block U causc<l to rise 
or fall in its guides, as is well under- 
stood in reference to onlinarv dynam<K 
meters. This invention bIiowh that 
John George Appold was a man of 
considerable genius and profound me- 
chanical skill. 

The Pmny dynamometer-VrrAc employed 
by J. lb Francis in making ciUMTiinents 
on hydraulic motors is shown in Figs. 1271, 

1272; Fig. 1271 is a sectional elevation, / 
and Fig. 1272 is a sectional plan. Ilie fric- / 
lion-pulley A is of cost iron, 5*5 ft. in 
<liamcter, 2 ft. wide on the face, and 3 in. 
thick. It is attached to the vertical shaft by 
the tpider B, the Ar<4 of which occupies the 
place on the shaft intended for the bevel- 
gear. The frktion-pulloy has on its interior 
circumferenee six lu<i$ C, C, curre«|)ouding 
to the six arms toe spider. The bolt- 
holes in the ends of the arms are slightly 
elongated in the direction of the radius, for 
the purpose of allowing (ho friction-pulley 
to expand a little as it booomes heated, 
without throwing much strain upon the 
spider. When the spider and friction-pulley 
are at Uie same temperature, the ends of 
the arms are in contact with the friction- 
pulley. I'he friction-pulley was made of 
great thickness for two reasons. When 
the puller is heated, the arms cease to 
ho in contact with the interior circum- 
ference of the pulley, consequently they 
would not prevent the pressure of the brake from altering the form of the pulley. This renders 
great stiffness necessary in the pulley itself. Agaio, it was found that a heavy frictitm-pulley 
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incrcaaos more regularity in the motion, ojwrating, in fact, ns a fly-’sheol, in e<|unlizing amnll 

im^^Ur^iU^ E and F are of maple wood ; the two parts are drawn together by the wrought- 

iron Itolta O O, which ore 2 in. »iuare. .1. . * r 41 r 1 i. 

The Ull-crtinA F' carries at one end the walo I, and at the other the piston of the ky<iraui,c 
RET.I LAT»>R K : this end carries also the imintcr U which indicah^s the level of the horizontal arm. 
The vertical arm U conneettHl with the brake F by the link M, Fig. 1273. 

The hydmnUc rofuUitor K. Figs. 1271, 1272, and 1274, is a very imjs^rtant addition to the 
Prony dy^iometor-brnke, llrst »ugg<*st»sl by Boyden in 1844. Its office is to ocrntml and modify 
the vinleiit sh«>ck« and irregularities which UHiially 
ciccur in the action of this valuable iin^trument, and 
are the cause of aomc uncertainty in its indications. v 

The hydraulic regulab>r u^i in those experiments I 

eon»i>ttHl of the cast-iron cylinder K. about 1*5 ft. in y y 

diameh r, with a Iw.ttorn of plank, which was strongly (N, // 

IioIUmI to the capping-stonc of the wluH?l-pit, as repre- // 

iH’ntcd in Fig. 1271. In this cylinder moves the piston 

N, fonne<! of plate iron 0-5 in. thick, which i* con- /yT 

nected with the horizontal arm of the Udl-erank by ^ ^ 

the piston-nal <). The circumference of the piston is T^ T _ _ _ »»» 

roundwl off, and its diameter is alsmt in. h^sa than 1 

the diameter of the inUirior of the cylinder. The 1 

action of the hvilraulic regulator is as f**Uows:— The 

cylinder sboulil be nearly filltHl with water, or other heavy 

inelastic fluid. In case of any irregularity in the force of 

the wImm‘ 1, or in the friction of the brake, the tendency will ^ 

be either U) raise or lower the weight; in either case the > 

weight canmd move, except with a ci>rreaj)onding movement 

of the piston. In conwHjuenoo of the inelasticity of tlio 0 

fluid, the piston con move only by the displacement of a 

isirtion of the fluid, which must evidently pass Iwtween the 

e<lgc of tlio piston and the cylinder; and the an*a of this 

space being verj' small, camiiorcd bf Uie area of the piston, 1 

llie motion of the latter must l>c slow; giving time b* alb*r 

the tension of the brake-screws Ix^forc the piston luis movinl 

far. It is plain tliat this armngement must arrest all vio- n 

if'nt shocks; but. however violent and irregular they may 

l>e. it is evident that, if the mean force of them is greater \ 

in one direction than in the other, the piston must move in | "ZSZ^ 

tlur direction of the prrjwmdcraling force, the resistance to | r ~ -^7^— 

a slow movement In'ing very slight. A small jiortioii of ^ 

the useful effts?! of the terbine must be cx|s?ndt^l in this | 

instrument: pndtably lesa, however, than in the rude shocks ^ — H 

the brake would lx* subject to without its use. ~ ~ ^ 

For the purpnee of asw-rtaining the velocity of the wheel, 
n counU^r wns uttachetl b> the b'p of the vertical sliafl, so 
arrange<l that a Wll was struck at the end of every fifty revolutions of the whe<‘l. 

To lubrii'ab> the fricticm-nulley, and at the same time to keep it cool, wab*r wax let on to its 
surface in four jets, two of w hich are «)mwn in Fig. 1272. Thcix* Jets were 8uppli«xl frrpin a large 
cistem. in the attic of the neighlmuring building, kept full by force-pumps. The ouniitity of 
water discharge*! by the four jets was, by a nn'un of tw« trials, 0 ‘ 0288 cubic ft. a second. 

In many of the experiments with heavy weights, and consequently slow velocities, oil was u>e*l 
to luhricab' the brake, the water, during the exix>riment, Ixdng shut off. It was found that, with 
a small nimntity of oil, the friction l»etw tH*n the brake and the pulley was much greater than when 
the usual quantity of water is applied ; consequently, the reonisitc tension of the bnike-ficrews was 
inucli less with the oil, as a Inbricabir, than with wab>r. This may not be the whole cause of the 


phenomenon ; but, whatever it may he. the case of regulating in slow vcbx*itios is iiicnm|iarably 
greater with oil, as a lubricabir. than with water applied in a quantity sufficient b> keep the pulley 
y>N)l. The oil was allowe<l to flow on in two fine continuouM streams : it did not, however, pr>‘V('tit 
the pulley from lM<c<uning hoab<d Bufficiently to decom|x>ec the oil, after running aoiue time, which 
was distinctly indicated by the »m«ike ami jxx?uljar odc»ur. When these indications Ixxwme very 
apjiarent, the exjieriment was stoppetU ami wab-r let on by the jets, until the pulley wus Cfsded. 
As the pulley Ix-came heated, the bmke-screws required to lx* grmlually slnck»iuxl. 

In tliG experiments, in Table 11. (see TtiiUisE Wateu-wueelX the lubricating fluid was aa 
follows : — 

In the first twenty-six experiments, water alone was used. 

In the four ex^xrimcnts iiuinlxTtHl fitau 27 to 30, three gnllons of linsecd-oi| were used. 

In ail the ex{a‘riments rtspiiriiig n lubricabir, and uumWed fMUi 31 to 48, iuclusivc, linseed- 
oil was mxxl. 

In exjteriments 41> and 50. resin-oil was used. 

In cxfx'riments numU'rfxi from 51 to 60, inclusive, water alono was uso«l. 

In exjx-rimenl 61, resin-oil was u»e*l. 

In ex|xTiment 62, resin-oil and a small stream of water were use«i ; — in the latter yxirt of the 
cX|H*riinenl, a g*xsl deal of steam was pmerabti by the heat of the friction-pulley. 

In experiment 63, Team-oil alone was used. 
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Tn pxporinw^nta mimbcml from 0(1 to 72, inrlnwvo, wftt4>r »|«no wns iiwyl. 

lu oxpiTimeuU mtm(>erod from 73 to 70, inclusive, reain<oil nud a Mumll strcftiu of venter were 
nwi. 

In oxfM'rimenU numl^ered fmm 81 to 84, inelnmvc, wat<-r nlono wn« uae«l. 

In exiterimenla 85 nnd 8(1. msin-oU an«t a siuaU stn.*am of water were utH'd. 

In exi>eriment 87. rosinH)!! atone v>an vukhI, 

In experimenU 00 and 01, water alone wrh nsed. 

In cxi^eriment 02, reain>on and a small stitram of water were used. 

A 8|>ecial n|ipnmtUM was pniridctl to indicate the din^dion in which (he water left the whnd. 
For this purpose the vane 1\ Fiipc 1271, 1275, 1270, was placed near the oirciimrerence of the 
wheel, and was keyed on to the vertical ahaft Q, 
which turmnl freely on a step rvotinti; oii the wheel- 
nit fl<Kir. The npjier end of the shaft carried the 
Land R. Fig. 1271, and directly under the hand was 
t>Iac«>d the graduated oemicirrle 8, divided into 180-''. 

When the vane wa« parallel to a tAngeiit to the cir- 
cumference of the wheel, drawn tlmnigh the i»oint 
nenrcMt to the axis of the vane, and the vane was in 
the direction of the motion of the wheel, the hand 
pointe<l at 0% and, ermsciitiently, when the vane was 
in the direction of the radius of the wheel, the hand 
|x)inte<i at 90\ To prevent sudden vibrations of the 
vane, a intvltflcaiion of the Ayrfont/ic r^ftil^Uor was 
atUche<l to the lower part of the vane-shafl. This 
opimratus is repres<>nte«l in detail by Figs. 1275, 1277. 

The quantity of water dischargetl by the whwl 
was gauged at a weir erected for the purjioeo at the 
month of the wheel-pit. 

As the water issued from the orifices of the turbine 
with considcrahle forco, fiorttcularly when the velocity 
of the wheel was niucli quicker or slower than that 
corre«|)onding to the mnximntu coefficient of cffifct, 
there were oRcn such violent commotions in the whc>el- 
pit, that, unl(>w some irntde was adopted to diminish 
them before the water reached the weir, or even the 
place where the depths on the weir were measured. 

It would have been impossible to make a satisfactory 
gauge of the water. For this purjiose a grating was 
placed across the wheel-pit. Tfiis grating presented 
numerous aftertures, nearly uniformly distributed over 
its entire area, through whiidi the water iiiust iiaMS. . 

In the cxficriments with a full gate, the fall from the 
up|»er to the lower side of the grating wiw generally 
from 3 to 4 in. The combincil eflect <»f this fall and of the 
numemuN small aperturc'S was to oblitemte almost entirely the 
whirls nnd commotions of the water above the grating. About 
4*5 ft. in length of the grating was so nearly closed that but 
little water |«s8od through that ])art of the grating ; this made 
it very quiet in the vicinity of the* gauge-l>ox. 

The weir consisterl of two Imys of neorly «jual length ; the 
crest of the weir was almrtst exactly horizontal, and the extreme 
variatUm did not exccotl O-Ol in. The crest of the weir was of 
cost iron, planed on the upper e<1ge, and also on the uftstit^am 
face, to a point 1 * 12.5 in. below the top ; below this there was a 
small l>t'vcl, also planed, the slo|)e of which, on an average, was 

in. in a height of f in. ; the remainder of the costing was 
unplaned. The crest of the weir was | in. thick, and was hori- 
zontal. The u}Mitr('am c«lge was a sharp comer. The ends of 
the weir were of wimmI, and of the same form as the cre^t, 
except that there was no hevellwl The crest of the weir 

was a)s>ut 6“5 ft. above the floor of the wh«d-pit. The ends 
of the weir projected from the walls of the whccl-pit, and also 
from the central pier, a m<‘on distaiure of 1‘235 ft. The length 
of one ljay was H'480 ft., and of the other 8'41U ft., making the total length of the weir IG‘98 ft. 

The depth of the water on the weir was taken in a gauge-box by mi*au.s of the hook-gauge L, 
which is n!*prcsented in detail in Figs. 1278 to 1280. 

The hook-gouge is the invention of Boyden, nnd is an inslniment of inestimahln value in 
hydraulic exp<*riment8. In ‘Versuche uber den ausfluss des wossers durch schicbor, hahne, 
kiappen utitl ventile,* by Julius Weishach, Leipzig. 1842, |Nigo 1, is describc^d an instrument for 
observing heights of water, hoving a slight resemblance to the honk-gaugi* : it wits, however, used 
by Ikmien in a more p»*rfect ftirin several yj*ar8 previous to the publication of that work. All 
other Lnown methods of nuvmuring the heights of the surface of still water arc seriously incom- 
luoded by the efl'bcts of capillary attraction; this instrument, on the contrary, owes its extra- 
ordinary precision to that phenomenon. The i>oint of tho hook A, Fig. 1279, is represented as 
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oomcidinff witli the surface of the water. If the point of the hook should bo n very littlo above 
the surface, the water in Iho imnierUate vicinity of the hook would, by capillary attraction, be 
clevatwi with it, causiiii; a distortion In the reflt'ctiou of the 
light from the surface of the wati^r. The most convenii*nt 
methisl of observing with this instniraent is, first, to lower 
the i>oint of the hook, by means of the screw, to a little 
distance below the suriacc; then to raise it again sloaiy, by 
the same means, until the distortion of the reflecli»m l«^ins to 
show it*H‘lf; then to make a slight movement of the seo w in 
the op[)osite direction, ao as just to cause the distortion to dis- 
uiilHwr ; the point will then be almost exactly at the level of 
tne surface. 

With no particular arrangements for directing light on the 
surface, differences in height of O OOl ft. arc very diirtinct 
•iuantities ; hut hv special arrangeniouts for light and vision, 
diffeivncea of 0 0001 ft. might U» easily apprecinU-«l. 

As this instrument cannot l>c efficiently used in a current, it 
was ph^wl in a box in which the communication with the ex- 
terior was maintaintHl by a bole, when, by |.iartially olwtructing 
this coinmunication, the extent of the oscillations could bo 
diminishi’oi at will. 

Kor veiy exact olwervations it is ctwentinl that tiic surface 
of the water should lie at rest. IC however, it should oscillate 
a little, a gootl mean may bt? obtained by adjusting the point 
of the honk to a height’ at which it will l»c visible above the 
surfae*’ of the water only half the time. 

The movable rod to which the hook was attachwl was of 
copj»er, and graduated to humlreillhs of feet, but by means of 
the tvnuVr tliousandths were numsuriHl, and in some cases ton 
thousandths were estimates!. In later ami more wrfwt forms 
of this instrument, the jsiLnt of the hook is immediately under 
the graduatitm. 

The heights of the water in the fore-l>ay and in the wheel- 
pit were taken by means of gauges, placed in the gaugt'-lioxes. 
both gauges were gmdimte<l to feet and hundredths, and beith 
had the same 3MTi>-|»oint, namely, the level of tlie crest of the 
weir, so that the difference in the readings at the two gatigen 
gave at once the fall acting upon the wheel ; and the diffcrenco 
fctween the depths of the water on the weir, as «l»ii*rved at tho 
hook-gauge, and the reading at the gauge, gave the foil at the 
grating. 

The heights of the rcgolntlng-gnte were taken at the rack. 

Tlie w'cightis usiil for measuring the useful effect were pieces of 
pig-iron of various sizes, each of which liad been distinctly 
marked with its weight 

Mudf of CfmJuctitui the KxpnimenU. — A »e|»arate observer 
was appointed to note each class of data ; the time of »*ach 
observation was also noted, which gave the mmnsof identifying 
aimnltam-ous observations. To accnmidish this, each olnw^rver 
was furnished with a match having a secoiid-hand ; the watch 
by which the sficrcd of the whetd was olwerviwl was taken 
as the standard ; all the others were frequently compared with 
it and when tho variations excewled h-n or fifteen seconds 
they were cither adjuste<l to tlie standard, or the differeuco 
noted. 

This mode of observing must, evidently, lead to more preelso 
resulis than that in which a single oliacrvcr, however skilful, 
undertakes to all the phenomena, or even several of tlu'm. 

By the method adopted a regular record is made of the state of 
things at very short intervals, furnishing the data for a mean 
ivsull for any n^juired period, and bI.ho the m+wns of detecting, 
in mc«t cases, the causes of apparent discrepancies. It also 
relieves the experimenter frr>m the distraction of liaving nume- 
rous exact obaervations to make in a very short time, and leaves 
him much inortt at liberty to exercise a vigilant watch over the 
general cnun»e of Uie expi'rimcnt. 

As it may be naeful to exMfimentera not accustomed to 
this mode of obw'rving, and at tW same time afford the reader 
some means of judging of the accuracy of tho results ob- 
tained in these experiments, the following extracts are given 
from the original note-books. Tho extracts include the data 
observe*! for expcriiuent numb('rcd 30 in Table II. (*co TrnaiSE 
Water-wiibel). This experiment U selected simply because it gave tho maximum coefficient of 
effect. 
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Weioiit in tub Scalb. 

U«. trt. 

UOS 10| 


4‘‘ 43* addwl 26 0} 

Weight for tho next experiment 1524 lOJ 


Bpebd or THE Wheel. 


Tlznm at wbkh the 
Bell Btrock. 

DllTemiOM. 

TIzDflfl at which tb« 
Bell ftruck. 

IMirerencn. 

Timet At wfalrh the 
Dell itrocfc. 

IhfferpDoet. 

fan. min. aec. 

tec. 

bn. mif). Bsr. 

■PC. 

bn. min. wc 


4 55 58*00 


5 0 52*00 

59- no 

5 4 47-00 

,59*00 

56 5tJ-50 

58*50 

1 50*75 

58*75 

5 45*.50 

58 -.50 

57 55*25 

58*75 

2 49 ,50 

58*75 

B 44-25 

58*75 

58 54*25 

59*00 

3 48*00 

58*50 

7 43*00 


50 5:4*00 

58-75 






Tho bell atniok once in every fifty revolutiona of the wlioel. 


Kletation or the Pointeh ox the Beu.-Cbaxk. 


Time. 

Hel^t nf 



1 IIHithlor 1 


Time. 

1 Hfii^t of 

IN>!ntrT, to 4eet. 




' PtAnter, in Feet. 


I I^Jlnter, in Feet. 

bn. min. tec. 


hn. mia. 

tec. 


fan. 

min. tec. 

1 

4 55 0 

0*19 1 

4 

59 

30 

0*20 1 

5 

4 0 

' 0*17 

30 

1 0*13 ! 

5 

0 


; 0*18 1 


30 

0*18 

56 

0*13 1 



30 ' 

' 0*19 


5 

0*24 

30 

1 0 14 


I 


0*21 i 


30 

0*18 

57 

0*15 



30 

0-17 


6 

1 0*10 

30 ; 

0*19 


2 


0*20 


30 

'■ 0-19 

58 

0*20 



30 

0*19 


7 

0-16 

30 1 

0*19 


3 


0*19 i 


30 

0-14 

59 

0*21 



30 

0*19 





Tho extremity of tho pointer wna 6*5 ft. from the fulcrnra of the bell^erAnk. When tho 
horizontal anas of the bclI-crank were level, the height of the pointer was 0*20 ft. 


IIkiokt or the Water above the Wheel. 



Time. 

1 Height, In Feet. ^ 


Time. 

He%hl. In Fn-I. | 

Time. 

ITei^t, In Fret, 

bn. 

tnin. 

tee. 

j 

bn. min. «ee. 


bn. 

mirt. 

■ee. 


4 

55 

0 

15*100 1 

4 

59 30 

15*110 

5 

4 

0 

15*120 



30 

: 15*100 p 

5 

0 

15*115 



30 

15*120 


56 


I lym 


30 

15-120 


5 


15*120 



30 

15*100 


1 

15*120 



30 

15*115 


57 


15*110 


30 

15*110 


6 


15*115 



;io 

15 115 


2 

15-105 



30 

15*110 


58 


15*110 


30 

15*100 


7 


1.5*110 



30 

15*100 , 


.3 

15*115 



30 

15*110 


50 


15*105 1 


30 

1.5*125 






The top of tiic weir ia the zero^point of the gauge in the forc*hay. 


Height or the Water after passing the Wheel. 


Tin»e. 

hi Feet. 

[ Tlmr. 

IMsIit. In F~t. 

Thne. 

Heltrht, In Feet. 

hn. tnln, ire. 


hn min. tec. 


hn. min. tec 


4 56 0 

2*20 

5 0 0 

2 21 

'540 

2*22 

30 

2*21 

30 

2*21 

30 

2*21 

57 

2 21 

1 

2*21 

= 5 

2*21 

30 

2*21 

30 

2*21 

30 

2-L’l 

58 

2*21 

2 

2*21 

6 

2-21 

:to 

2 21 

30 

2*21 

30 

2*20 

59 

2*20 

' 3 

2*20 

7 

2*2*2 

33 

2*21 

SO 

2 20 

30 

2*20 


Tho top of the weir U the zero-point of the gauge in the wheel-pit. 
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Ilmr.irr or nrs Water arove the Weir by the Hix>k-Oai'GE. 


Tiros. 

1 IlHRltt, in F«H. 


Time 

1 In F*ct. 


Time. 

lIHsht, to F«^ 



br*. 

nilo. 

HC. 


brn. 

Biin. ecc. 


4 57 5 

1-8710 

5 

1 

10 

1-8090 

5 

4 3.5 

1-8730 

58 15 

1-8710 



45 

1-87U0 


5 50 

1-8725 

58 50 

I 1-8720 


2 

15 

1 -8720 


6 25 

1 -8725 

59 20 

! 1-8730 


2 

,50 

1-8720 


0 5.5 

1 -8725 

59 .50 

1-8715 


3 

15 

1-8715 


7 20 

1-8720 

5 0 I.*! 

1*8715 


3 

40 

1-8715 


7 45 

1-8715 

0 45 

1-8705 


4 

5 

I-87;t0 





The zero of tlie hook-gmig« was 0 002 ft. Uhv the top of tho weir. 


DiBEtmos or the Water leaving the W’nEKL. 


Tiro.. 


Tlm^ 

IKrectlofi. t Time. 

Dlirettaio.^^ 


o 



brn. 

min. 

wc. 

o 

* li bne min. 

sec. 

o 

* ~m 

4 57 0 

59 

0 


5 

1 

0 

67 

0 15 5 

0 

58 

0 

30 

57 

0 




30 

59 

30 ji 

30 

59 

.30 

58 

59 

0 



2 


58 

0 1; 6 


59 

30 

30 

58 

0 




so 

67 

0 i' 

30 

57 

0 

59 

58 

0 



3 


CO 

0 7 


59 

0 

30 

58 

30 




30 

58 

0 

SO 

57 

30 

5 0 

67 

0 11 


4 


69 

0 8 


59 

0 

30 

67 

30 




30 

5C 

0 

1 





When the vane pf»int«'d in the direction of the rodiua of the wheel, the reeling of the index 
was 00^ 0° was in the direction of the motion of (ho whi>el. 


Previous to tho oommencemont of the experiments, the Appnratus for meftsaring tho useful 
effect was cRrefuIly atljustcd. Tlie bell-crank was balanced when there were no weights in tho 
K»le. For this purpose the link M, Fig. 1273, was removed, and the chamber of the hydraulic 
regulator filial with water ; weights were then applied to the ton of the Wll-crank, near the end 
to which the hydraulic regulator was attached, until tho whole was in oiinilibriam ; the final 
adjiudmcnt was made, by placing a weight of about 2 lh«. at the extremity of one of the hori- 
nmtal arms of the Isdl-erank, — the arm was retained horizontally until a signal was given, when 
it was left at lil>erty to descend, and the time occupied in dcsctUKling a certain distance was 
notetl ; the weight w*as then removed to the extremity of tho other arm, and tho same process 
rciK«tc<1. The lialance-WGights were altere<l until tho times of descent were 6x]ual. To overcome 
as much as possible the friction of the fulcrum, the pin forming it was lubricated with spcrm-oil, 
and during tne dew'cnt the heiul of the pin was struck lightly and ra)>idly with a small lmimn(‘r. 

After the bell-crank was satisfactorily ltalance<t, the link M was nmttachcd, and the brake 
adjusted by means of the screw which formtHl the connection betwwn tho link and the brake. 
It was a4iiust«!d so that a line upon the brake was |M'q>endicular to the axis of the link, when tho 
horizontal arm of the boll-crank was horizontal. Tho length of the brake was then measured 
upon this line. 

FC"!. 

The length of the brake ns thus measured was found to Ix) .. 3'7-l5 

The effective length of the vertical arm of the bell-crank was .. 4’ 500 

And the effective length of tho horizontal arm to which tho scnlo 

was hung, was 5 '000 

O’ 745 X 5 

Consetiucntly, the effective length of the brake was = 10’ 827778 

Tho gauges in tho fore-bay and in the whccl-pit wore carefully ailjusted by levelling from 
tho top of the weir. This was rc{)oatod by different persons, so as to remove all chance of error. 

Tlio Hook-gauge was oompanHi with the weir by a different method. When the nrgulating- 
gate of the turbine was shut down as tight as possible, it was still found that a quantity of waUt 
h«krvl into the whoel-pit, exceeding, a little, tho quantity that leaked out of the wheel-pit, so 
that a small qimntity continue*! to run over the weir. The principal leak into tho who«'l-nit was 
between the regulating-gate ami tho lower curb, the leather packing not being perfectly mljusted. 
The Hook-gauge was firmly attacfawl to a |»oat, placed in the wheel-pit for that purp^). and at 
a height known to be n(»r!y correct. The regulating-gate was closed, and after tho water had 
arrive*! at a uniform state, the height of the water at the Hook-gauge was noted, and, at the same 
time, the depths of the water on the weir were iiH^sure*! directly with a graduated rule. To 
perform this accurately, a Isxinl. aliout 4 in. long, was held by an assistant on the crest of the 
weir, at the place where it was intended to measure the depth : the author then applied the rule, 
pr*’vinu»ly well dried, vertically, on tlie top of the weir, in mint the l>oard. On first immersing 
the rule, tho wat*T in contact with it did not stand at the true level of the surface, but formed a 
little hollow around the rule ; it immediately CMumencfd rising, however, and after a few moments 
came to a level, which was indicated by the n>floction of a light from tho surface, a lamp being 
held by an nsristant. in a projjor position, for that purpose. 
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The (ieptliH on the woir, taken in the luauuor juiit doacribed, Ki'bnmrv 20, 1851, 
followii : — 


i>pf<hii on tho 

Depths on tbe raiktlj 

Hajr of Uw Weir. 

of tbe Wdr. 

inrhs*. 

Iivrbec 

0*37 .. . 

. .. 0*3« 

0*»i .. . 

. .. O'JtJ 

0*37 .. - 

. .. o*;w 

0*37 .. . 

. .. o*»; 

Mc«ds.. .. 0*3(>75 

. .. 0*3d 

Or in feci .. 0*030G .. ., 

. .. o*o;HiO 


won* Rs 


Wliilo the heij^bts jriren in the prectxUnj? Table were beinir niensured, the depth hr the 
Hook-gatige waa coiistAutly 0*0318 ft. ; ooiuc^piently. by thitt <N>ii>pun!«on, the zero of the ^Iook• 
gauge waa 0*0012 ft. below tlie mean height of the top of the weir, iu the wi^titerly l^y, and 
0*0018 ft. below the mean height in the «wterly bay, or 0*0015 ft. U-low the ia<*an height in Iwth 
bays. A Rimilar ctvmparittnn wrr ?iiade February 22, 1851, when the zero of tin* Hor.k.ga«go was 
found to be 0*0024 ft. below the mean height of the weir. The mean of the two c«>m|Miri«rm8, or 
0*0020, WBR adopted aa the oorroctioo to be subtracted from the reading of the Ilmk -gauge, U> give 
the mean depth ujton the wdr. 

During tlic cxi>crimenta, the levels of the water in the upper and lower eanala were maintained 
nearly uniform. The height of the lower canal, at the place where the water, passing the weir, 
fell into it, varied a little, depending upon the «]uuntity of water discharge<l by the wheel. It 
was highest when the whwl was running with the regulating-gate fully raised, and the bnike 
removed ; under these circumstanres the surface of the wat«>r was from 0 3 ft. to 0 • 4 ft. Mow the 
top of the weir. In the other exporiinents with the regulating-gate fully rnise^l, the fall from 
the top of the weir to tho surface of the water in the lower cauaJ was frrmi 0*4 ft. to 0*6 ft. Tho 
brackets and the planks were not put on until nfU*r the turbine exta>rimcDts were concluded, so 
that the water |)osiiing the weir met with no obstruction until it struck the w ater in the lower canal. 

The olnitruction causetl by the nlutiks was scarc^dy ajipreoiable, which renders it certain that 
thu (‘fleet of the lower canal, in obstmetiug tho flow over the woir, must havo been entirely 
inappreciable. 

}.mer$t»Ca rhmamomrter-Iimkf . — A reliable dynainnmeter-brakc, like that of James Emerson, 
Fig. 1281, which would show tlie amount of power transmitted at all times and under all circuni* 
stam*es, is a useful instrument. When the object is merely to aso«‘rtaiu tho amount nbsorMl (»r 
required by a single machine, a series of machinea, or a line of shafting, or the necessary means 
of transmitting power, a temporary attachment of the power-measurer, Fig. 1281, will be sufticii nt; 
but there arc cases where a ]>ermanent attachment of the device is desirable. Sticb arc all cast^ 
where the users of mechani<»l power are hirers, and pay so much for each bor 80 -{>owcr used. Tho 
method of gur^ssing or averaging, based on width of Itclt, size of puUeyts and weight of sluifting, is 
hardly accurate enough where the cost of production of jiower is felt, as where the power is supjjlitd 
from a steam-engine, or a water source liable to diminish in amount, nr fail entirely. The 
d}*iuunometer-bralce should alm> lie so simple in construction, and so exact in operation, as to bo 
readily understoorl, and afford no possible or justiflable cause for controversy between hirer and 
letter of power. 8uch U tlie design of the device of Emerson. 

It is very simple in construction, and direct in op»-ration. The pulley A is loose on tho shaft, 
and receives the power. Its connection with the shaft is made by moans of a wbcel, keyed or 
screwed flrnily to the shaft iu dose contiguity with the re(?eiring pulley, its hub, in fact, forming 
one of the guides to the jiosition of the pulley on tho shaft. To conniKd this flxt'd wheel witli the 
loose receiving pulley, a bcU-crauk lever is pivoted into projecting ears on the rim of tho fixed 
wheel on op|»osite sides, the long anu of which (xmnects with an annular slotted collar on the 
shaft by means of the short bors B. Tbe short arms of tho bell-crank levers connect on the 
insido of the fixed wheel w'ith two radial bars, one {larallel to the outer arm of ilio bdl-crunk, and 
the other at right angles to it, receiving nt*ar its upfier end a pivot [lassing through a swivel hung 
to the rim of the fixed wheel, and having its extreme end pivoted i>.> a stud fixed on the inner side 
of the rim of the receiving pulley. U will l*c seen from this detjcription that the strain of tho 
power received throuch the Mt on A will necessarily react on tho levers, ami, thretigh them, on 
the fixed wheel, which may be crmsidcred nothing more nor less than a sup|s»rt to these levers in 
sustaining them in {lositiou to connect the loose receiving pulley with the shuft. 

At B it will be seen tho levers are connected by pivots with the sliding collar, in the annular 
groove of which is seated a strap a'ith which is conut'CtL-d a forked lever, tho fulcrum at C. To 
the end of tbe long arm of this lever a nsl with u short aectiou of machine chain is atUiched. 
This chain nins over the cylindrical head D of a pendulum weight K, having a pointer tliat 
trave'rses a fixed quadrant F, properly divided by u scah^ to denote the relative pressure exerted 
through the medium of the receiving pulley on the shaft. 'The pulh'y G is fixed to tbe shaft, and 
delivers the power. 

It will be seen that all the motions are absolute, there being no chance for play and }>ack-lash, 
except that of joints and pivots; and this, by good workmanKlitp, can Ini re<lu('e<i to the minimum 
— too little to be taken into ixmsideratirm practically. There is no dependence upon springs, 
spiral, or oilier forms, which are so liable to bo nlTecUnl by changes of temperature, and so 
unreliable between extremes of demand. It is a weighing machine as correct in principle- as the 
old-fashionrd steelyard.s or the platfonn-scales ; in fact, it is simply a rotary platform-scale, and 
each machine may be weighed and tested in place by hanging to the pulley A sealed weights, 
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and markinf; the index ns each weight i* added. The Icngtha of tlio oonnootmg-hara and chain 
are adjuHtahle. The machine may be made of different sixea, and in different styles, suitable for 
testing ail kinds of machinery. One kind es|M*ciaUy adaplwl for spinning-frameit, looms, &c . ; 
another to 1>© connected by belt to a line of shafting, or any kind r*f machine. And one esp<^inlly 
adapted for testing turbine water*wheels, to which it is easily applied, with but comparative 
small expense. 

i»»i. 



Jolm F. Gilroan*s fUmp^Itrakf has an ndjustahle cross^mil I, Fig. 1282, secured to two inclinetl 
arms J arranged in front of the revolving biters D in Mich a manner as to admit of the cross-rail 
being adjusted higher or lower when the hemp is jmssed over it ou its |>assage to the beaWrs ; the 
beaters ^ing operated by means of the oog-wucel C. 
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(leaircti. The be«tcr«, provided with opeuin^pi C, kiiivva ami cutters and aawa c, nr« of>orat«I hj 
means of pins n placed iu one or more spiral rows on a cylinder A in connection with the slotted 
bed B. and a siiitaldo snrin;; nr Hprin;;s, all arranged 
BO tlmt tho iM^aters will work consecutively in |mirs 
ami perform the o|)crations of braking;, itcutchin^ and 
fe«xiing simultaneously. Tho knives d and saws <r are 
atiach^Hl to a few only of the beaters on tho discharge 
side of the nmchino to cut the tlax or hemp, and also 
to separate the fibre from the wotsiy ]x>ritoiiy and 
divide it into finer threads. 

Fig. 1285 shows J. Bryant's Hemp and Flax Brake. 

A is um frame, B the and H the treadle. Tho 
beater C is o|K>rat(Hl in such a mamiur that in tho 
event of its being iinpcHlcd by tough hemp or fiax, it 
mav yield, and thus avoid undue straining. To this 
eml the rod K, which oonm^ts this water with tho 
working-bi'am F, is pivoltd at its upjier end to a xig- 
zag bar A', which has a limited range of motion on a 

f iivot which secures it to the iM.-am, A strong spring 
1 up<m the top of tho beam bears amataiitly on the 
zig-zag bar to hold it c|uite rigidly, but yot allow it 
and the beater to yield slightly when necessary. 

Referring Wk to Fig. 12(»8, let E 1) l« a elrum, O its axis, and let the direction of rotation of 
the drum bti iu the direedion of the arrow Q. Ltd p and 7 represent tho tensions of the two ends 
of the strap A and B, respectively. The tension p exccoils the bmsion 7 by an amount equal to 
tho friction between the strap B b E A and the drum D E. If e be put for the length of tho arc 
of the fit^xiVdo brake which embraces a greater or a loss arc of tho drum or pulley, then putting r 
for the radius of tiio circle D E, and / for tho ratio of the friction to the proasurc, we nave tho 
equation /« 

p = 7 • • LG 

To solve fHjuation [11 for any of the quantities p, 7, r,/, c, in a direct and simple manner has 
defied the skill of matncmaticiana who, with much labour and uncertHinty, obtained results, 
from [13, by tables, two systems of logarithms, cuxnberaomc series, and empirical formulas. How- 
ever, equation [1] is readily solved, in a simple and direct manner without the use of tabU^ by dual 
arithmetic, a new art, invenU'il by Oliver Bymc, the compiler and editor of this Dictionary. 

From [1] wo have = (100000000, /) x — ; [2], Since 100000000, = tho dual 

logarithm of f = 2*71828183. 

Kx. 1. — Lot r = 32 in., the radius of a drum; the coefficient of friction / s *473; c := 48 in., 

the length of the arc of contact ; the ratio of p to 7 or the value of — is rcquiriNl. 

9 

D 47800000 V 82 

From [2] tho dual logarithm of -^ = * — - = 31533333, which may bo redueed to 

A dual number and the coirospbuding ordinary number found in a few minutes without extraneous 
315mt3, = 8, 2, 9, 5, 0, 6, 6, 3, 1. = i. (I -STO/lSl). Hpdcb tho ratio = 1 -3707161 

exactly ; that is, if the tension p =: 4 11 lbs., 7 = 300 lbs. 

JCx. 2. —Required the length of the arc of contact c, without the use of tables, when r = 10 in. ; 
the tension p (N|uu 1 four times the tension 7 ; and the coefficient of friction f — *384. 


From [1] we have ^ 


( 100000000 ) / 


= (0; [3J. 


fore, since i , (2) = 60311718, (c) = = 30- 10114 in 


In this example = 4, thero- 


the requirwl arc of contact. 
The Young Dual Arithmetician ;* 


38400000. 

Bvrne’s ‘Oeneral Method of Solving Equations of all Degrees;* 

* £>unl Arithmetic, n New Art;' ‘Dual l/ogarithmic Tables.* 

See Brlth. Dynamometkii. Friction. Gejuiino. Oovkbnor. 

BRANDEUINIt. Fb., HrUtir ka aoiicea de volvjeaf Ger., Beichalen; Ital., LUMlore un 
aoffitto. 

fimtvtfrin;} is the covering of the under-side of joists with liattens al>out 1 in. square in tho 
section, and 12 to 14 in. a[mrt, to nail the Intlus to, m order to st^ure a better key for the plaster 
of a ceiling. 

BRAN-SEPARATOR. Fb., Dodinnge; GzB., A'W S«6cr; Ital., FmlhMf Sl>AK., Cedaao muy 
^ierto. 

8ec Babn MAaiiKERY, p. 228, Figs. 541, 54.'». 

BRASS. Fb., cuivit jaune ; Geil, ilrs$inj; Ital., Oiione; Span., Aa<f/ar, laton. 

See Alixiys, Antixont, Bismlth, Copper, Lead, Tin, Zxrc. Alvhiniiii, Arsbnic, 
Manoankse. 

BRA/ING COPPER. Fr., Snwiure de laiton ; OOL, I/ortUfthen; Ital., Saldare il rame. 

8t*e Tin axi> Copper Plate Workinu. 

BR.\ZING SOLDERS. Fr., Somlutxa; Geb., Idfthmitlri i Ital., SalJatura forte; Span., Sol- 

dadunu. 

See Soldering. 
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IJRK.XD MACinXE. Fr., Mttchint dt UtuUm^erif ; Ger., liachnaacMne j Ital., J/ciccAind da 
far H frnt4 ; Si'AX., p>ina fahricar «•/ p>tn. 

liit^JU) AND HlHCflT MaCIIINEUT. 

The ]»nx'ow< of hremi-mskin;; i« clow**ly coniif'cti’d with that of fermentation. Wheaten flour 
oonai»t8, eaHentially, of ntarch oii<l }?hiti‘ii, rrunhiiitui with a siimll portion iff d -xlrine and augar. 
Till* tenacity of i« due to the ^luteu present in the flour; tltodou^h being pmduciil 

by aimply mixing the flour with a littio wiih‘r. 

If broad-dough b«» tied up in a pit'ce of fine mUNlin. and kn^’Wdoil under a stroam of water, the 
atikreh will be suti|>endod iu the water. Imving |W(umh 1 through the moalin : the gluten retuaiu* aa 
a tough elaatie niai<t(, which iwon putndUw if exi«f»Mil to the air in a inoUt state, and drica up to 
a brittle homy masH at the tem|>«*ratiire of 212 Fiihr. Gluten ia a coim»nuMd Bubatance, and ia 
found to oimtain carbon, hytlrngen, nilrogon, and oxygen, iu the pn>jiortionH, nearly, of 24, 20, 3, 
and 7 rei|>ectlvely. 

When gluten i«l*oihd in alcohol, a fortionof it refuses to disanlve: this jwrtion i« tenufd rcyctoWe 
fibrins. When this ilii«a>ilved matter and alcohol areallow<<d to cool, a white flocculent suhatance. 
aimilar to the caAn’iK’ which compo?*e« the curd of milk, is dejfOsitMl. On adding water to this cold 
twilution. the is iM-{»ar&ted, which re»mhloH the albumen found in conAiderwble i|uantiti<« in 

the blooi!. Although iflutt-n presents threif substances similur to the three principal comi>onenU 
of the animal Issly, yet gluten 8e|»imtcd fmm the flour by the process just deiwribed would 1 k> 
found very difliciUt b> digest, on account of its resistance to the solvent actiem of the fluids in the 
stimarh : for it is well known that bretid-Jotnjh^ cointsMid of flour and water, even when Imked, 
is indigestible. In order to render Im'ad-dough fit for food, it must W n*udere<l sjsmgy, that 
is, pmnis, so as to expose a larger surfnc<> to the action of the digesting fluids; the most direct 
metlasl of efli'cting this is the one adopUd in the majmfacture of a4rated-hrr*ui, which consists in 
mixing the flour with water that is highly charged, under pressure, with carls»nic acid gas; the 
mixing by this methof! is efb'cted in a closed inni vessel, an aisirturo in the lower part of which 
is opeucil, tliuii the jiressure of the lux^umulatod gas forces the dough out of the strong iron vi^sse] 
into the air; the gns which Las l)vuu confined in the dough expands and gives porosity and 
spoiigiiK-ss to the dough. 

Another pMcess for preparing wa/ermeated Arcod consists in mixing the flimr with a littio 
bi-carbonotc of so<ia: tliis mixture is then made into dough with water acidulated with hydro- 
chloric acid ; the bread is thtui rendered |)oroiu. The chloride of wditim, formis! at the same time, 
n^maius in the hnnd. In the making of cakes ami pastry, the same object is attained by adding 
carlsmute of ammonia to the dough. When baking, the salt is anivurtid iuto vapour which 
distemls the dough. 

The tenacity of gluten, even in wheaten flour, is liable to variation: and tn order to obtain 
gmxl bread fmm a flour the gluten of which is inferior iu tliis reh|H«rt, it is customary to employ 
n Nmall quantity of alum. This addition being omsidcred unw holesome, it would be bettor to 
substitute litmvwaU^r, whieli has been fotiml by Liebig to linve a similar efleot. Sulpluitu of 
copfs-r impmves in a very striking manner the quality of the bread prejiared from inferior flour, 
but this salt is fiLT more lUngemus than alum. 

Whiwten flour is |>artiruiarly well tltUd for the pre)mmtiim of hri'ai) on ncooiint of the great 
b'liaoity of its gluten. Next to wheat, with respect to glutinous cajiacity, stands rye; whilst 
the other cereals ountain a gluten so deficient in tenacity that they cannot bo converted into 
good bread. 

In the ordinnrv process of bread-making, the cartronic acid that confers spcngincaa upon tho 
dough U evolvwl Vy the brmontMtion of the sugar contaiuixl in the flour; the flour havlug l>een 
kneadtd with the prr-per pmjs»rti(»n, usually ul»uit half its weight, of water, a little ^east and salt 
are addcil. and tho mixture is ullownd to staml at a teui|H>mtun« of aWmt 70' Fahr. for sonio 
hours. The dough swells or rises cotisiderahly, in consequence of tlie escape of carbonic acid, the 
sugar ladtig diHroiu|mscd into that gas and alcohol, as in ordinary fermentation. The s|>nngy 
tloiigh is then Iwtki'd in an oven, hentetl to aliout 50^ Fahr., when a }s>rtion of the water and all 
the alcohol arc expidled, the carlsmic acid being, at the same time, much cx{i«indM by the hiwt, 
ami the ixircv^ily of the bread increaM-d, Tin* granub'a of starch are much alteriHl by tho 
heat, and iM'Oome more digestible. Although tho temjK’mttire of the inside of a loaf docs not 
excectl 212° Fahr., the outer ]iortion liecoiuca dry and hard, tho hottest part being K^rched inb> 
crust. 

Instead of yi’oet, /corca is often employed, in onlcr to feruieDt the siigar : b*aven is a namo 
given to dough which has l>een left in a warm place until decoiiiiMisUinn has rommeiicod. 

‘I'he pas-sHge of new iuto stale hrt'ail tliH'S not depend, as was formerly siipisitJed, upon the 
drying of the bread conse<|uent upon its expi^sure to air, but is a true molecular transformation 
which takes place etiiially well in an air-tight vesMd, and without any h'rs of weight. It is well 
known that when a thick slice of stale bre-ad is teststed, which dries it still further, the rnimh again 
l)ccome8 soft and spongy os in new hrt-ad ; and if a stale loaf be placed iu an oven, it is ncuiiverUxI 
into hrcA<l rest>mhling new. 

With WiliUm Wabon’s bread-making arpamtus. Figs. to 12t»2, tlie entire operation, fmm 
the mixing of the flour and the other iugrtHlicnts to Uie linnl deposit of the dough iu the oven for 
baking, is fM‘rfonucd by machinery. 

Tlie mixer consists of a horizontal cylinder, with flanges at each end, and a door at the upper 
pari, throughout it« length, for introducing the umterials, and tlinmgh which the agitator nr 
stirrer of the mi.xer may Ikj reiuovcHl. The cylinder is 8UpiH>rted on suitable feet, and at one end 
U oneioMMi for nl*i>ul a third of its diameter by a fix<*d i*late, which descends Wlow the flangis 
and forms the l>a.se or foot at that end ; the up)>cr twi>-thtnls of the cylinder end is cIookI l»y n 
sluico-sloor, which can l»e raiswl as ^uired to form an ojwning for the exit of the dough. I'he 
other eml of the eylin«ler is fitUsI with a piston, which forms a close end for the cylinder during 
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tl»o mixing: this pwton can ho trav^rsotl in the cyliiultT, in whicli it fits siifllcicntly tight for Uio 
expulsion of tin- <l<»iig)i. An o^HMiirig is mnde in the piston for the (tassnge of an axis h» (-urry the 
ng)tnU>rof thu mixer, which axis is carried hy a bearing su|>|xirietl l>y a bracket fmin tiie fiauge of 
the cyliTulrioul chAmiMT; the axis nt the other eial iwHses tiiroiigh an ojtcning in the siut<MMl<ior 
fitUxI with A iioAring fixe»l theri'to, or tlie i>earing may wjwratt lv su]>js*rtwi from the flange of 
tile cylimior. The Agitator of the mixer is maile of a zig-zag kiml of form, cwiipying tho iliHinetcr 
of tlie rylimler, the several Kmhs of which extemi aemss the diameter of the cylinder, and are all 
in tiie hnme plane, the angles at tho extreinities htdiig all right angles, or nearly so. It has no 
I'entml axis jiassing through it, Isdng snpjK'rteil by a short axis at each end fitting into wpinro 
Imles in the extreme limbs of the ogitab>r. which increase much in strength at those |ioints. In 
oMer to strengthen and bind the several radial limits or blad<-a together, tie-roiU are dis]Mts<'<l in 
ttin directiim of the axis, hut distant alMiut om'-thinl the radius from tho centre. The absence of 
the rt'ntml axis prevents the dough collecting in the centre of motion. The limbs are inclined on 
Isdh sides in opjsisite diri'ctions on op|>o»ite sides of the axis, in* the manner of a screw, so that in 
rotating the agilabir it forces the dough from one end to the other of the mixer, and on being 
reversed carries it in the opposite direction. Tho agitator is <lro]»(M>d in nlgewise hy a tackle at 
the diKir above, the ends of the cylinder licing so adjnstid that the is»ase8 of the end Umbs of tho 
agitator la>ar hanl against the ends and make the axis-holes dough-tight ; tho end limba are also 
in close proximity to theemls, in onli?r to sem |)0 tho a^Ihering dough from them. Tho flour, water, 
ami other ingndients having b(>on emptied into the mixer, motion is communi«'at4‘d to the agitator 
by winch-hmidh'« at either end on tho axis, or by nu'ans of a wheel and pinion. The dough having 
Imh'U mixed, the agitator and its axis are removtsl, and a long rack ploctil in the piston resting In 
a bf;aring, sulMtituUd for the axU-bt«ring, which is removed : a piniim is disposed to take into tho 
tack, the axis of which pinion is ('arrie<) by U'arings on the flange, and if the machine is small, 
may be ilriven by cmnk-liaiidles on tlie pinion axis, but if large, a multiplving tmithed gear and 
lly-wheel shaft U us«h1, by communicating motion io which tin- [>iston will flircivl forwards by 
the rack, and the dough exprcsstxl as rinjuirwl : the same fly-wheel may also bo made otherwise 
available when removwi by placing it on the axis of the agitator. The sluice-door ojsuts by 
im-ans of a hand-lever, and is so atljiisU-d as to emit the desired thickne.Hs of plastic dough, which 
is of a width proportionate to the size of the machine. The dough, when expressed, is received on 
nn endless cloth naiving on rollers and other sup|iorts, which is sjtceded to travel at tin* aame rato 
as tlie expreteu'd dough : in emerging, the dough i>ass4‘s under a du-ster, a jsrft>nite<l l)ox contnin- 
iug flour receiving a lifting and dropping motion from a cum acting on a lever carrying such l»ox ; 
it then jiAsse.s under a smooth roller, which simstths and n<ditcesi the dough to a uuifonn tiiicknese, 
ami under two or thn-e rollers, if necessary. The thickness of dough which is sufficient for tho 
substance of a Vsif then ]iasses under a rotating dividing cylinder, consisting of a seriesof dividing 
tiisca placcfl on a shaft; these discs are thick in the centre, but thinned towards the edge at tho 
|MTlphery, and presr^nt somewhat of a V f*^nn in a cnws-section taken from tho centre to the cir- 
ciiiiifereiice ; these discs are dtsjmscd on Uie shaft at distances a|iart. accortling to the size of (he 
hsif to bi* inmle ; there are alsr* dividing edges plncoii U twi-en the discs, paraljol with the shaft, 
n'jiarating the circumference into r-*iual t»arts, which are two, thret-, or more in number, according 
to the siz<> of tlio hiaves to hti fonned ami also to the diameter of the divider itself. Tliis divider 
is driven at a spee<l uniform with the endlesa cloth, down upf»n which it presses and divides tho 
plaxtic dough into loaves. It does not actually cut the dough, the dividing eitges being rounded, 
nut simply presiM's sufficiently dwp creases in it to proiluce the snbse<pienl sepamtion rtxjuiitfl; 
thus the bremlth of dough is cut up into a greater or less numV>or of loaves, according to iU 
breadth ; after jiassing under the divider the divifled dough iinsses from tho endli^ cloth on to 
trucks U* Ih? conveyc<l into the oven. The cloth turns backwunls under its carr>iug roller, from 
under which the trucks are piislusl forwards at same rate as the dough travels, and these move on 
rails up to the oven-mouth. The cloth dijw a little at the delivery eml, and turns back under a 
very small roller, so that the drop of the dough on to the truck is very slight, ami all moving at 
same sf>ced it U rf>adi|y carried away uninteniiiUently as it is mailo, and the truck or cor, wliich 
limy or may not bo of tho length of tho oven, is pu.<)bed furwani on thu solo until it occupies its 
poeitiou thereiu. 

The oven is w>natnicte<l of two, three, four, or more chaml>r*rfl, oue altove another, coeh of tho 
width <»f dough delivered by the machinery: thc'se chamimrs are of castor wrought iron, placed 
lietwitn two brick walls, nmiiiug fn^m eml to end of the oven, aliove the one chamber and below 
the otJier ; the fluids traverse from end to end, the longitudinal flues communicating altemately at 
opposite ends, so that tin* moutlis of the wveral baking cham1x?rs or ovens are alternately at 
opiMwite ends, and must be fllleit in opposite direciioua. 1'he fire and first flue is immediately 
under the chamWr, ami is considerably imrrt»wcr than the clmiiiU*r, in order to moilify the lu*at; 
the succe^Hling and upper flues are wicier than the lower one, but still con.’-idenibly less than the 
w idth <*f the chambers, in onler to pn*vcot excetw of liwt at the siilca mur the brick walla, which 
Would otherwise be apt to burn the bntul at each side. When one chamWr ia full, the tmek- 
carrj’ing mils are shifted to a higher one, ami the next truck is carried into the next charnlicr 
nljoT<‘, and so on until all the ovens an* flllcil and the full baU’h ddivensl. Ikrtwwm the fire and 
l<)W(‘r flue and the first chAintM.>r is a cold-air flue, which pnit«*cts the chamber fmm the imiue<ltato 
heat of the fire : the eoM air traversing therein is admitted to the fire near the door, ami supplies 
it with ttir with the diK>r or blower clotHsl, and so koe|is the bakehouw^ cool. The trucks or cars 
consist simply of two |>arnl1el angle-irons, di«|Jowsl ami bra«Hi together at a sufficient br<*adth, 
and immntAi on four or more w heels. The lx»ttoms of the trucks are made of tiles or metal plates, 
which may have any given imtb rn. so as to iiufsirt an impression to the Uittoms of tho loavi^ 
placcil thcrism. The ovens are closcti by doom tliat fall down and form a sole or stock-plato in 
fnmt : the <loor Itcing jninteil to the sole of the door-frame in the manner of a butt-hinge, forms a 
close joint botli with thu door cIosihI, and a level surface with tho sole of the oven whim open. 
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When bakod, tho broad ii* wlUidmwn frcnu tbe oven, aud may bo broken asunder and linndl«>d and 
distributed as usual. 

WatsTiii, also, adapts this mixer to wluit is termed the expansion system nf i>akin?, that is. 
mixing tbe yeast with a small portion of the dough first, and such first portion with a larger 
jtortion, and so on. For this pur)>o»o an agitator is oni]iloyed with a through axis and screw, and 
fixe«i radial anus therein, which have l>evelled sides. 

Fig. 12Ht> is a side elevation of this machine, which exliibits tho arrangr'mi'nt of tbe ono 
usually employed: Fig. 1287 represents a plan of the wune with tho dusting-lH>x removed; whilo 
Figs. 1288 to 1292 represent some of tbe parts detached. 

Fig. 1288 is a vertical longitudinal aeclinu of tho mixing and expressing vessel; Fig. 1289 is 
an end view of the same at the end from which it is driven. 



A is the cylinder or containing vessel of woorl or iron : if of iron it should 1 st lined with wood, 
It is mounted on feet or standards It, B, and is fiu’iiished with a hinged lid or cover o. C is tho 
piston, which forms ono end of the mixer, the other end being HiUmI witha hItnce-»lor*r for allowing 
tho dough to pass out. The agitator or mixer properly so called is formed nf a series of ^>ioccs of 
iron oaitod together by means of stays 6, h. The pieces D, D, arc twisted in opposite directions 
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from tho crntro of motion so na to form inrhnes or 
Morow surfaces, which in rotatiug Imvo a tcmlcncy to 
force the material on which they are o|iemtin;? in one 
directi«»n, that is to Miy» townnU the end of the vcasol ; 
the end limlw I)', D’, are somewhat stron^r tJmn the 
others, and have l>nei<eH with holes in which short shafts 
c, c\ arc inserted from cither end, and motion Udng 


mixer. T<» transit the motion a screw wheel or pinion 
d is tixiHl on the shaft c' ; this ^ears into an ondleMi 
screw e fixwl on croesMihailt K. (.hi this phaft is fixed 
a pillion / j^carinR into wheel mounted on the main 
shaft F. which may be driven by a winch-handle h or 
otherwise. The ingriHlients having been placeil in the 
mixer, and mixed and trent4*d as before doscrilMMl to 
form duuKh and bn>ad. ami after alhiwins sufficient 
time for the dmi^h Ui rise, it is forced ont of the climu- 
lier A in the following manner: — Wo remove the short 
shafts c, c\ from llie a;;itator D. I), and lift it out <»f 
chamher A. and then close and fix the lid a. A rack 
H, Pig. 12'.i0, is now plar^nl in the ])iston C. which it 
fits into and n'sts in a cnitoh-l>caring h\ formal on 
tin* lop of the outside Ix-aring <»f shaft c'. The pinion 
d is fitte<l to slide mi shaft c', hut to carry it round with 
it by means of a feather. To <v>mmunicstc motion b* 


the piston C, the shnfi K U movinl in the dir<*ction of its length, which has the effect of throwing 
a pinion e' fixed thereon into gear with the rack H. and at same time throwing pinion / out 
gear with wlicel y, and wheel i into gear with pinion *, which nnluces the speeil of rotation of sliaft 
K, and the pinion c' taking into rack H, imparts to it a longitudinal motion, ami forces the pisbm 
C fitrni its ^ition at one end of the cylimler A towards the other eml. ami thereby c^uupressing 
the dough in that chamber. To allow the dough to escaiie at the other end of tlie cylinder A, the 
sluice-<lonr L is lifU'd up by a lever m to either of the dotUnl (lositions m, shown, the fii>*t 
iM'ing suitable for the fonnatinn, say, of 2-ll>. loavi's, and tlie sfM*nnd for 4-lb. inavea. The 
gland of Itearing a of the shaft c is previously remnvi*d, and a solid jdale siilistitiiUxl for it to 
prevent the dough being forc«*d out thereat. 'Hie sluieiMloor L ls*ing Hfteil and fixed, say, at tho 
lowest fxisition. the d"ugh contained in A by the jiressure of the pi-ston F will be forceil out of 
the entire briwtUh of the o]K.‘niiig of the sluioe-«loor, and of regulaUni thieknea‘>, which will bo 
eniitaiiiiHl in one unifomi substance so long as any dough remains in the chiiiulH*r A. Fmm tliis 
chnri)bi*r the dough is receivwl on an endless we4> M. cnrrie«l on rollers 1‘ and I*', mmintwi on a 
suitable framework X, X. The endless web is further sup|H*rUtl by a table Q, extending under 
the entire breadth, sup|K'rtiiig the weight of the dough, w bicli forms a continuoiis slab, mi to sjicak. 
It Imvels at a uniform rate, the endless cloth M Ix^ing driven at the same rate of »|>eed as the 
dough travels by its expulsion from the cliamlier A. The cloth M is driven by a strap-pnih-y fixed 
on the axis of P and strap p, nvnmnnicating with a rigger on the main driving-shaft and in its 
Iwickwawl course undcnieath is nibl»e<l in a tray ermtaining flour to prevent the dough ailhering. 
After emerging from chamber A, and while travelling on M, the dough U fcubmitled to a dusting 
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oiiomtion from a duHting^Ixix R. inointt^ above on n fulcrum q. TUin liox or tray {« the brcndth of 
the dough. Hiid hiui a {mrforutet] iHtUoni. Zi contains Amir, and |>rc[>ondomtcs on iU fulcrum an as 
to fall tt^inst a stop or rest r. It is agitated by incAtiH of a double arm 8. mtiunUdi on a mtntiiig 
axis u, tno arms coming in contact witii a truck-ndler t, mounted on the siue of the dustinpbox it. 
The axis u is driven by a strap fmm a rigger on anme axU oa I\ and |iower is trananiitiod thereto 
by stmp-riggera to an axis 8', on which the divider T is mounted. This divider consiata of a scrlea 
of cutting ridges arranged in circular and longittidinal directiona, the edg^ of which ortme down 
on the cudleaa wob, or nearly ao. This divider ia driven at aiiout the same s{irH>d as the doughy 
which, on passing under it, becomes M‘|»arateil. or nearly ao, into bbx'ka of a given size, say, for 
2-lb. loaves, which was the size before mentiomMi as arranged by the sliiici'^-door L. If for larger 
biives the mass of dough should be double the thickness, or another divider with larger cavities 
tiseil. The wveml shafts are fitUsl in lN«rings in the framework X, and otherwise aopoiiiUKl, as 
shown in the figures. The divided dough, which Is preventeil sticking to the divider oy the flour 
ilreilgtsl on it, continues its course on the endless web M until it arrives at P", where the dividt^ 
dough Q is transferred to a truck U, dis|>ne(Hi umlenieath in readiue.Hs for its reception. 8o srs>n 
as the dough bttgins to fall on tr> this truck, the truck also has a r<»rward motion iin|)arted to it, by 
a projection u on an uudbfss strop t coming in contact with a projection ir the undi-r-|Mirt of the 
truck. This endless stran U mounted on suitahle pulleys, driven by a strop x from the axis of P’. 
The truck laung mounuA on wheels and suitable roils Y, travels id<^ing with its load towards the 
oven, whicli, as seen in the side view and plan, is immediately on end of the machine, ao that as 
the truck is propelled forwards it enters the oven with its load of divided dough or loaves, and as 
the oveu-chamber is by preference just the size to contain one truck, the oven-«loor U closed, and 
the Inking procccdwl with. Another truck is similarly disposeil to receive the dotigb, and is 
carricHl forward into another chainl>er of the oven, and so on. The Isdtoms of the trucks, which 
arc simply sheets of metal lai<l on the truck-frames, are roughened or indented, as scon in the 
plan. Fig. 12117, so an to imprint the bottoms of the loaves : they should also be dusted with flour 
to prevent the dough adhering. The roils Y are shifted for each oven-chaml)cr, so as to rest on 
thedixirof each chamb«*r. and conduct the tnick to it. The truck having receive*! its load of 
dough ccAsca to he pro|>el)ed by the inm'httu!, but is puslMwl forwanl by hami into the oven, which 
is clow^l. and another one pre|jareil with the roils to receive the next in snercssion. 

Fig. 12!)2 repri'scnts a luugitudtnal section of an oven used with Watson’s machinery. 



W, W, are the oven-chambera, which Imvo their mouths alternately in opposite directions. 
They arc formcil lietwoen two brick walls X, X, the s|)oces being divided off by iron plates 3, 4, 
5, to 11, the spaces l>etween each pair of plates 3, 4, forming the flues to lient the oven-chambers, 
while below tlio plate 11 the furnace V is disposed. lu order to protect the lower oveu from the 
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immcKliaio hcftt of tho fumaco, pinto 11 i» coTcn*d with a thickness of brickisrork, or it may !m» 
lioth aliove utul Ijclow, as soon at t, with an air>11uo o throu"h tlu> uuddlo, ami of tsjual width 
with tho fire, or m'arly m. Air eutors at tho l«wk end of o, which is rejfulahHl as i^jiiircd by n 
Miuice<<loor h> limit the sujiply to the fire tlirou^h tlmt channel : a cfmstant clmu^o of air takinj? 
place in this elmnntd aasisU in pnivcntini? tho direct heat of tlic furnace f»verh<*atinK tho lower 
oven-chamW. X U the fnmnco-d(»or. The flue from the furnace paancrt up in two hmnohea, one 
on caclt hide of air-fltie o, at the end of the lower OTcn«oliambor, then nlon^ aliOTo it under the 
Bt>ooDd ciminber, thenwj up at the end. and hack utuler the third ovfU-chanil»er, and »o on. 

To prevent excetwivo heat at tlm end of the oven-chamliers, fin^luiupH, as seen at 12, 12, ar»> used 
to prr>tt<ct them, the metal platt^ of the oven l>ein^ so made as to hold them in prisition. 13 is a 
water>tAuk, to lie hmUni from tho wast(.whi‘iul for Irakelioiise puriMiaes: 14 is a slide-valve in tho 
top of each oven-ciiaml>er, cnclmktl in a maa except at the euu that U not op|KiM.>d U> tho draught 
of the fltit^ These valves are opened by thumb-rods when it is desired to allow steam to escaiH> 
from the ovens: Ifi, 15, are hollow* box ends of metal, chising tho ends of the flues, by retmiving 
which tho smoko-flues may bo easily cleaned. These Ixixea Wing ojion from the outside are con- 
venient for the iiiwirtion of tliormomidcrs. ns soon at Ifl, to noo and sscurtaln the boat of tho ovens 
at all times. Tito escape of tho Hues to tho chimney U at 17. 

Wear’* J/ljcAiacry efnploi^e^i in the Mttnufiicture vf Breml Fig. 1293 represents a 

side elevation of a Mofl^lough mixing nuichino; Fig. 1294 a front elevation; and Fig. 1295 a 
ground plan. Fig. 129G is a side elevation of a breaking machiue, w'hich is employed for pre- 
paring the dongh for the moulding machine. Pig. 1297 is a sectional elevation through Fig. 1298. 
which represents a top plan view of the moulding machine ; Fig. 121K^ is an end elevation. 
Fig. 1300 is a frotit elevation of a maebino employed for mouhling or sliaping the dough into 
loaves or biscuits; Fig. 1302 is a ground plan of tlm dongh-sltaping machiue; Fig. 1301, a 
sectional elevation. Ftg. i:k)3 is an end elevation of Fig. 1302 at C. 

On Figs. 12i>3 to 12'^, A. A, is a tank or reservoir ca(>al>Ie of holding water ; It, It. is a frame- 
work, to which are connected the following parts : — C, a hollow shafl working in Warings in tho 
castings i>, flxtid to tho framing B : E is a sliaft capable of sliding in the shaft C, and of rotating 
therewith near the lower |iart of tlie shaft K; a crrs»-ht!ad (4 is connccte<l and slides on giiidc- 
rrxU H. I is a skeleton framing mounted loosely upon the shaft E, and connected thewto by a 
nut at «i, Fig. 1294 : K, K, are spindles, the upjv'r parts whereof work in bearings in the framing I. 
Tho lower part.i of these spindlejj an* forme*! with prons^ h. c, rf, r, are wliwls gearing into each 
other, tliat marked c is fixed on the shaft E. and those marked d and t are respeettvety fixed on 
the spindles K, K ; L, !.«, is bevel-j^ring for imparting rotan* motion to the sliaft G : M, a 
counterbalance weight (vmnecte*! by a chain / to Uie lower end of tho sliaft K, to facilitate tho 
raising of E ; N' is a v*«scl to contain water to mix with the fiour ; O, O, are vessels in which the 
dough is mixnl. 

The operations of this machine are as follows Tho operator takes the ferment or yeast 
commonly tUM'*!. and ini.t(*ad of mixing it in a trough by hand, as commonly practi.*H*fl, he placea 
the yeast or ferment and flour in one or other of the vessels O, and, placing oame under tho 
machine, lowers the prongs h thereinto, and pMcee*ls to imjmrt mtary motion thert»to, tho effect 
of which is to <^use the whecla c to rotate the wheels </ and r, and also the axes K. on which the 
prongs 6 are flxe*L thus producing three distinct Miiatory movements simultaneously, namely, one 
rotation of the framing l, which carries the wheels d, c, and the axes of the prongs b, and another 
mtatiou of each of the wh»*eU and axes and firongs, thereby effi'ctiially mixing wnd incnrjiorating 
tho ingretlients together into a sponge ; and when this operation hns b*Tn ormtinwd a sufficient 
length of time, according to the judgment of the ojH'rator, ho n*moves th<‘ tub O frr>m under the 
machine, and places it in another part of the vessel, and taking another tub charges it with yeast 
and flour as befort?, and pnicewU in this manne r with each tub in ?ucce*8ainn, 'When the sponge 
is sufficiently risen or fennentwi, the tub is again brought under the machiue, and the rc^uirwl 
flour and water addeil to the sponge, and made by the machine into dough. The dough is then 
left to prorc, and wiien sufficiently proved is removed to the machine, Figs. 1290 to 1299, there to 
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bo operated «prm by tho brako-mllers nf 
this machine for the purpow* of taking tho 
proof out of the dough. As reganls this 
machine. Figs. 121M* to I2SH>. it should l>e 
distinctly understood that its cnnstnictioti 
forms no part of the machine shown in 
Figs. 121>4. Both inachiiH's are d<^ 
scribed in cmijunotion^ for the pur|KMO of 
completing th«^ description of the machinery 
ntO'Ksary tots: used in manufacturing bread, 
biscuits, an<l like articles. Wlu'U the dough 
has been sufficiently <»f)erated ujwn by t!>e 
brake^rollers it is feinove«l Oom this nta- 
chine b> Uie shaping machine. Figs. KtOO 
to 1303, and operated niton thereby in the 
manner pre»*ntly (htsoriwMl, 

Wc would here remark, that the means 
n!x)fe <loseribed which wo proprwe to em- 
ploy. and ImTo foumi to auNwer well in 
practice, for ensuring the prop(‘r amount of 
fennentation forms a very iiu|K)rtaiit fea- 
ture! in this invention, for by tho uw* of 
C(»ld water in Itot wtwither we an; cnable«l 
to prt'vent esceas of fonuentatioii, and by employing warm water in roM weather wc can induce 
fermentation, the tem{M'rature of the waWr being regulated according to circumstances and ttie 
judgment of the o(M>rBtor. 

Wo now proce^ to describe the o^ierationa of tho moulding or shaping machine. With respect 
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to the three rollers, marked A, B, C, Fiss 1300 to 1303, that marked A is employed to r<»rin the 
up|Mir crust, and those marked B and C* to form the loa*er onist, the aoB dtui^h IwinK plseed open 
the tahhi 1), so ns to pna^ with the two afi>resaid crusts between the mllcrs E and F, by which 
th<‘ w1k>1c is conipreKMii as the machine rotates, the endless travelling 1>clt or weh (? advancing tho 
dou^h under the moulding imndianism at H. wliero it is momentarily held still by the mechanism 
until the knives I do^ctmd and aj^eiid hy tlie action of the side rrsls K. The dmij^h thus scored 
or sliaped now passes onward by the action of the Isdt Q, and witen it comes nndur the stamps 
at 1/ jT^'eives the impress therefrom <»f wortls, such as, ft»r example, »ei-'^iW-wir/e' brervl, this 
movement lM'in$; simultaneous w ith the shaping movement with which it is connecU'd ; ami in tiiis 
manner the machine continues to mould ancl s)ia{M^ the dou^h into the form of loaves, which, as 
they are ailvaneed forward by the umiless Ixdt or web (i, are de|tositcd on to trays, the trays l*eing 
place<l upon another endless )>eU or web N, the operation and construction r>f this pari of the 
machinery and implements employisl l^einj; as fnllr>ws: — First, as n-j^nls tho trays; they cruisist 
of flat pied’s of wood, about 3 ft. hy 2 ft., with ledges at the sides only then'of. (.Ipnii each of 
these trays is placed a f»lece of coarsely-woven cloth, and to each end thereof loops of tajK?, about 
0 in. asunder, are affixed, and so as to prnj««'t l>cyotid the ends of the cloth about 2 nr 3 inches, 
the loops being useil for a purjxise which will be (icsoribed in another place. Kee Ovens. These 
trays. i*neh with their resiJcctive ebdli, am si'pambdy placed r»n the part M of the endless belt or 
web N, so that as this belt advances and comos under the port 1 of tho belt or web G, the shaped 
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dough will bo depneiicd on oftch of such snid clothi &nd trtiy8 in 8iirco«8ion, the operator dividing 
the dough when the tray iis filled therewith; aud in tbia manner acveral traya may be filled in 
aucc«*Mii<>n. 

See Barn MArnixERY. Mills. Mixers. Ovens. Yeast. 

BREAKING JOINT. Fk., Joint de rtextntrtfn^nt ; Ger., Cc^rdrehtn'itfuge^ Dfckfu^, 

Smtkiwi y.Wnf. or hrrak joints ia a term ujmhI in brickwork ami mnaoDry to express the arrange- 
raent by which the bricks or stones are made U> overlap, the converse of which is termed ** joint 
ovcrJ<»int.” See Bond. 

BRE.\K\VATEB. Fa.. BnaeJamet, JfUfn; Ges., irW/cnftnfcArr ; Ital., -Vararro, Scugii^ra; 
Span., J/uc/ir, A>po/<>a. 

Hee llARRoros. Pieila. Sra-Walia 

BREAST-WALL. Fr., .V«r rfc wmicncmcnr ; Ger., Si hiUfmmirr ; Ital., JfuncciWo. 

A frmu/'uvt// is a wall built up breast-high, as a ]iare]M?t-wall or a rttainiiig tea//, jtlaced at the 
foot niilv of a slope. 

BR^iAST- WHEEI^. Fil, lioue h»jdr<t\Uiqwi de cAtd; Gca., Krop/ Body miUelacklachtiges 
TLuwcmfd i Ital., Bh>Ao di jianco. 

P<N>i Overshot Water-wheels. Undershot Wateb-wheeij. 

BREASTWORK. Fa>, I'rotdeauf Ger., Bekottf Sckotlityji Ital., Parapetto; Span., Brpcckc, 

Pfuytpeto. 

Fortification. 

BREEZE. Fr., Brraz^ : Gkb., ZfiarAc; Ital., Bmgin. 

The bTm breere i« applied to ashes and cindvrs uscnI instead of cool in the burning of bricks. 

BREEZE-OVEN. Fb., Pour a Brtrzt ; Ger., Coaka Ofm ; Ital., ibrmice da far arao. 

See Ovens. 

BRESSrMMER. Fr., -S runmicr ; Ger.. VnteraM(tt Ital., rmre mtnr/rn ; Span., ArfoArTMco. 

A bro88ummer is a beam dIiicimI breastwise to support a superincumbent wall ; used principally 
over sht>p-windowH to carry the upper part of the front, and supjiorted on jto»te or columns. 

BREWING Al*i*ARATL’S. Fb., Machines de braaacric; Geb., Braujrrdtlackaftcn; Ital., 
Maerhine ad utrnaili dt (dn-nio. 

In making lx*cr, the hrewer first mnshra the ground malt with water of a temporature of I7(T to 
182^ Fahr., when the diaataar, or substance containing nitrogen, opemtea to convert the mass into 
dextrine and sugar. The greater part of the starch, which has not been changed during ilte gep. 
minatinn. and the worr, or new itnfennruhKl beer, is ready h) lx? drawn off to be convertwl into 
beer. Brewers’ grains, or the undissnlvefl part of the malt, is employed to feed cows and pigs, m 
it contains much gluten. 

To find whether nmlt contains more diastase than fa necessary to convert iU siarrh into sugar, 
it is only neceasary to mid a little fusion of malt to the viscid solution of starch ; when this cnm> 
pound is maintainKl at a temperature of 15(K Fahr. for a few boura, and the diastase is in excesa, 
the mixture will become far mom fluid, and will no longer be coloured blue by solution of iodine. 

DistiilcTS take advantage of the excess of diastase in malt, by adding from two to four parts of 
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unranltcil to tho ihaKtaw, the wb..li! of which »*ec«»me8 converted into dcxtrino and ewnir 
and thus tin- labour and cxjjcnjH! of maltinp arc avoided. The wurt phnluced by infiwinir malt in 
water contoms not only HUgar. dextrine, and dia.»taae, hut a Urge 4|imntitv of nitrogcui»d matter 
formed with the gluten of the barley. Iteforc suhji^ting tho wort k) femientatiim, it U Uiihxl 
with n ouantity of hopn, usually amounting to frrjm J., to ^ j«rt of tho weight of the malt 
employed. Ho|w are found to i>rovcnt tho tendency of the U«er to become aoiir: the eourm«H of 
hwr m pro<liiced when the alcohol of the boer U converted Into acetic acid. Horn contain from 
9 to 10 per cent, of an aromatic yellow powder, termed lujmUn^-, and is the active wndion which 
contains a Vf.Iatilo oil of particular odour, together witJi a hitter huI«Uuico. When the comt^mnd 
of wort and hop« la run off into a vat, it is allows! to dci»osit tho umUsHolvod mirtion of the hooa 
then the clear lupior w drawn off mto coolers, where the tenii>emture of the ef>mpound is lowered 
as rapidly as jiossiblo k> aUint from 68^ to Gl° l-alir. ; the cording is ummllv expiditod by cold 
water circulating through pipes which traverse the coolers. When tho wort 'is cooled too slowlv 
the nitrogemml matter which it contains tmdergoi»8 a change fmm tho a<dinn of the air in coni 
tsHinenre of which \ieor l»eeomes acid. After cooling tho mixturo. it is placer! in tho fWnmtin j 
fun, where tho fermenting is carried on by adding yfosi, which is about of the 

comtnund. * 


It has boon found, with the aid of tho microacope, that ymtt is a minute fungoid vegetable 
that grows in solutions containing sugar combiiuHl with |»rtieuUr nitrogi*nl»d substenceg. 
such, for instance, as a salt of ammonia, and the salts— phosphates of isitosU sorla, lime and 
magnesia. ^ 

The eonditinnn mulor whirh tho vpMt plant (trow# were not n»eeiiniiie<l and aeientifleally 
eianiineil until reoentlv; for a long time, after the growth of this aulwtance wa« awertainwl, the 
». ds or penua frtiin which it originatea eluded depK-lion, oltlumgli its growth reaemblea «>me of 
the lower mosses. 

The process <»f brewing may be rlividfsl into four distinct stages 1 . The mdltin'j, of whieli the 
object is Ui produce in tlie Iwrley the principle which effects the conversit>n of starch into dextrine 
anil glucose, and which easentially consists in causing the barley to sprout under tho int 1 uenc 4 > of 
a proper tompereturr' and degnM? of moisture, diastase being fnnuerl at tlio origin of tlie sprouts, 
and in the sticccwling operation converting the starch into snliiMo dextrine and glucose, 2. The 
preparation of the uwl (moftt), or saccharifleation of the malt, which consists in treating the 
ground malt with water at a suitable temperature, in onler to cause the diastase to act on tho 
starch and dissolve the dextrine and glucose which result from this action. 3. The l»oiIing with 
liop^ which consists in healing the wort with hops in order k» give it a peculiar taste and an>ma. 
4. Kermentation, which consists in mixing the cooled wort with a ferment, in order to effect tho 
conversion of glucoao into alcohol. 

The barley is first placeil in large vats of moaon-work. with four times its volume of water, 
being stirred frequently to expel the bubbles of air Is tweeu tho grains, while those which arise on 
the surface, being generally defective, are skimmed off. The object of tliis process is chiefly to 
swell the grains, in order that they may sprout more easily : and it lasts 24 or 3f» hours in winter, 
during which time the wak?r is renewed three times: while in summer it requires only 10 or 
12 hours, hut Uie water must l>e renewed four or five Umea. 

The Ijarley thus swolleu is carried to the malt house, a kind of cave or cellar, the floor of which 
must he kept scrujtulmisly clean to avoid all injurious fermentations. Cierminatiou rerjulrea tlie 
assistance of moisture, air, and a temperature of from to C2^, which conditions are most rcatlily 
reali:^ in spring nr autunm ; whence the name of Utin'h bttr is given to that made in the spring, 
and is ronsidere<l supi^rior to that made in any other season. In the malt bom*' tlie barley is 
spread in a layer of alxmt ft. in depth, amf thus left until it becomes heated; hut when it 
l>egins to sprout, the thickness of the laver is reduced to 1 ft., and then to .3 in, when the germi- 
natiofi apprrAches the proper peiiut. It is also frequently stirreil, in orrlcr to renew tlie air in tho 
interior of the layer. In the hot season, the germination is tenuiaated in 10 or 12 days; while it 
requires 15 or 20 days toward the close of autumn, the sprout having then l»ecome two-thirds os 
long as the grain. 

M’hen the barley has pMperly sprouted, it is dried renidly, in onler to arrest the loss of tho 
amylaceous matter which would ensue from a longer growtii of thi^ sprout and roflicles. The dry- 
ing is first made in the o|>en air, by sjireading the grain over the floor of a well-aireil greimiy, arid 
then in a stove traversed by a current nf hot air, and called a uvUt kiln. Pesiroatirm renders tho 
radicles of the liarley very brittle, bnt they are cosily removed bpr sifting them in a vinnotrin^ 
tiUKAtM or/fm. The sproute<l barley, thus freer! from the radiclea, is expos»‘ii for some time to the 
air, when it imbibes a small quantity of moisture, which facilitates its grinding. This operation 
is effected Wtween hori^ontal stoncH. kept at such a distance from each other that the grain is 
hn>ken and tom without being rcxluccd to flour. The product is malt, which U atowid away for 
future Qsc. 

nie Baccharification of the limit is effccterl in large wooden vats, having a double Ijottom 

{ liercod with holes, intended to sujqiort the barley and facilitate the introduction and eacai>eof the 
iquiil. In till* Ktiare la'tween the two Isdtoms nr»' the disrharging-tubc and one which conveys Is^l 
wntr*r. When the malt is placid in the vat, water at HO"", and ci{Ua 1 in weight to one and a half 
times that of the mult, is |M)ure<l in, the mixture being actively stirrcrl with a kind of fork. It is 
tlien allowwl to rest for half an hour, until the malt is thoroughlv moistened, when water at 19fP 
is addeil, until the tcmpi'raturo of the mixture attains IGT^, which is the most favnnrable for sac- 
charification ; after which it is again stirred, tim vat covcriHl, and the reaction allowed to continue 
for three hours. The saocharinc fluid, or *w/, is then conveyed into a reservoir, and thence Into 
the boilers intendeil for the dccfvlion of hops. 

As the first digestion with water only abatracts from the malt O’ 6 of the saccharine matter it 
can furutsb, an additional quantity of water at 176^ is added, ixpial to une-halfof that used in the 
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firnt opemtion, aiul i« allowwl tn net for ono hour, the liquid pmilurwl Ining atMed hi tijo first. 
Lastly, the nmlt is exhaitsUfl hy water at 212^, amt a liquid <d>tained which is used in making 
small-Wr. The exhaush d mall (calh-nl. in this country, •jniin*) i» ii«il as fowl for aiiimnls. 

Tlio wort iH hfeat»-<l h» elmllition with ho|»« in Isiilera, whicli must be kept covere*! to prevent 
the <>E!teap(‘ of ttie essential oil, to which beer owes its aroma, and are fumUhed with an apiiamtiis 
which constantly stirs the mixture. The strength of tlie wort is sometinn's ineivaMsl by the a«ldi- 
tion «*f t'lucnsc. molastM'M, or raw su;r»r. The wort, thus hojqied. is wmveyed into reservoirs, wbero 
it is clarified hy rest, and then run off into other rcst'rvoirs, where it is j'ooUhI as rapidly as 
iMMwible, by allowing the li«|^uid layer only a thickness of 4 or 5 in.; the woling vats being plaec<l 
in large rsuns surrounde<l by Venetian Idinds, in order h> affonl a free circulation of air. Tho 
projiortion of hojw is about 1 kilogramme for every hectolitre of table*U‘er, and 2 kih»gramnies for 
ever)' hi'chditre of strong Ikmt. 

When tho wort is etsiUnl, it is pourc<l into a fermentin^j imI or and a quantity of yeast 
addcsl, varying, according to the seHson and stnuigth of the wort, from 2 to 4 kilogremnu^ for 
every lOOO litres, and maintaintsl at a tem|>crBturt* of aismt 6sS^. The fermenting house should 
lie well aire<l, in ortler to allow the earbonie acid to pass off rapidly. The fermentAtion lasts from 
24 to 48 hour*, pnxiueing a large quantity of fiolh, which falls fmm the tun into s{iouts arranged 
for the piiriKiee, and whitdi, when c*dlectcd and ei!»rcs«etl in Ixigs, (vuistitutes btrr-jfraH, 

Tho tuns aro always kept full by adding tho !ii|uid separated fmm tho froth. The fermenta- 
tion of tahU‘-lKX*r is ctunpleUsl in small casks filled to the Imng, and plaetsl on a scaffolding over 
a s|M>iit which cairitw off the froth still arising from the liipmr; and wlu*n the fermentation is 
flnishfvl the kegs are plu^^ed, and the Infer only nsjuires a clarification with fish-glue. 

Strong Wr is alhiwt'il to ftTUient slowly for several weeks after the fermentation iii tho tun, in 
larp- vats, holding as much as gallons. 

See .\TTrjtfpUR-4T0B. Barlky-dkessimj Macmivb. Ciwi.Kns. Difn-iLLiNO Apparatts. Eleva- 
tors. Fermentation. Grain Measi keb. Hop Back. Kiln. Liqi'or Boiler. MALT-rmEssiN«; 
Machine. Malt IIoise. Malt Mill. Malt .S.urkn, Masiiixo Mill. Mash Tin. REruiuE- 
BATtiR. Spaiwkr. 8toves. 1'niun Casks. Wort Copper, Yeast. 

BRICK-M.AKING M.VCHINES. Fr^ Machi^ de briipt4tierie ; Ger., ZietjrlprttM ; Ital., 

Maerhitut tin far mtittuni. 

The Brick-making, Pugging, and Crushing Maoliino of II. Clayton, Son, an«l llnwlott. is shown 
in Fig. 1801. The clay to Im' tnmle into bricks is thrown into the hojqior A of the machine. In 
this linpper revolves a shaft on which are keywl wveral small knives, which cut up the clay 
pmvious to its being crushed. It next insses through tlio crushing-rollers B. B, which effectually 
rifduee to jioader any stones or hard limipa of clay that may enter the hop|H>r A. 

The clay, thus partially prc|)arcd. next passes into the horizontal pug-cylinder C, whore it is 
thoroughly mixed ami itieor|M>rntod by the pug-knives which are fixe<l ujxin the central shaft. 
The«? knives are ho jdaced that they force the clay towards the farther tmd of the cylinder, where 
it is pushcil hy means of a rotary Idndo or piston, and taken hy the small fcc<ling-mUers D, !>'. 
The mixture having l)oen drawn l>y tlio small fecding-mllers I), ])', into the ehamlH^ra, which an» 
placfxl Inffore tlie dies E, £, situated ono on each side of the macliinc, the brick material issues 
through tho rotary orifice dies in a smooth and regular stream, the angles well formed and the 
Hurfac<>s clean. It is then cut into hricks, of tho rwiuirwi size, upon tho cutting-tables F, F. 
This construction of machino is made of two sizes, and rtv^uiresno masonry foundations, tho whole 
being fixeil u|Min cast-iron foundation-plates G. 

The larger mnehines arc workcsl by a IG-ii.p. engine, and each is cajtablo of producing from 
20,000 to 30,000 bricks a day, varying according to the quality of clay used. 

The Kinallor machine is generally worked by a K^u.p. engine; tliia machino is capable of 
producing from 15, (MN) to 20,<HK> brielu a day. 

In ordinary hnnd-mmie bricks, tluf main ex|s?nse of the pr<sv«s of making, liesidt^ the burning, 
consists in the prejiaration of Ute clay, so as to render it sufficiently ductile to alloa’ of iU Iteing 
forcc«l into the moulds hy hand-presimru ; this ncei^ttattvi the mixing of a'uter with it, and thus 
roquiit‘s also the further process of drying the bricks before placing them in the kiln. The risk 
of damage and the delay fmm a*eather also mid materially to the expense of hand-made bricks. 
The applit'nttoii of machinery to the manufaeture of bricks hna for its objects economy, certainty, 
and exfjetiitKm of poKlurtion, ami improvement in the quality and appearance of tho bricks. It 
is still a qmwtion bow far these objects have been attained ; and <»ul of the largo uumlnT of 
inarhiru^ invontcsl for brick-making, but few are at present in regular work; omitting tiU ami 
pipramtAimj mac/tinrt. The machinea now at work may be divide*! into two claascs - those which 
operate uism tho clay in a moist and plastic state, and those for w liieh Uio material re<]uirea to be 
driisl atnl grniiml prf'Vjous to l>eing moulded. In the former clasA, the plastic column of clay, 
having l>oeu forimnl in a continuous length by the o(>eration of a screw, piigging-blades, or rollers, 
is dividis] int*» hricks by moans of wires moved aeroas, either whilst the clay is at r('^t, or whilst 
in motion by tho wires Isung mfivixl obliquely at an angle to onnqM'nsate for the spcol at which 
the clay travels. In consoiuenee of the clay luiving to l>e made sufficiently soft to allow of thin 
wire-eutling, the bricks imulearv but little harder than those made by hand, and roi|iitrc siuiilnr 
drying befon* taring pine*'*! in the kiln; and this drying, together with the ex|Kraso of prtqioring 
the clay in the re«|uisite mnniier. rtraders tho expemws of mannfacturu similar tUosir involvinl in 
hand-uuMle bricks. In the second ebuti <»f mm'ltines, a supt^rior finish of ap|x«rnnoe is ubtainoil 
ill tho bricks by their eompriwshm in a dry state in the mould ; and the ohjoi’tion of sut>ae(|Ueni 
drying is avoubnl : but tho additional prcqmration rtxiuiaite in drying the efay and nnlucing it to 
a sufficiently fine and uniformly pulverized state, and tht* nuiro expensive character of tluj 
maeliiiu-ry involved, ndtl materially to the cost of nmnufacture. 

By means of the brick-making machine invente*! by a Mr. Oates, and dc.wTibe*| by John E. 
Clift in a jMiorr read before the Inst, of Mechanical Engineers, the difficulty of previous pn jiara- 


Digitized by G( K' 







644 


BRICK-MAKING MACHINES. 


tion of the clay required in the accond clatw of maclituc§ ia not incurred ; while at the Borao time 
the mibaoi^ucnt drying of the hrickti retjuirod with the other machiuea in aToided. In thU machine 
the clay is OM’d of such a difgrce of dryncjw as to allow of iU Ixiing mixed up and macerated and 
ernupreastd into brickg by a single wntinuoua action; tho clay l)eing formed into a continuous 
column and c»)mprt?i«e<l into the moulds by tho action of a revolving vertical screw. The clay 
requires gonerany no previous preparation beyond that given by the ordinary crushing-rollerw^ 
and U aometimes reaily to be pul into the machine direct from the pit; in other cases, where con- 
taining a mixture of «tt»nes, it ia first pa«M*d through a pair of crualilng-rnller*. 

The marliine ia shown in Figs. 1305 to 13U. Fig. 1305 is an cud elevation of tho niochino ; 
Fig. 1300 ia a front elevation, 
and Fig. 1307 a plan; Fig. 1308 
ia a vertical transverae eection 
cnlargid : Fig. 1309 a plan of 
tho screw ; and Fig. 1310 ia a 
longitudinal section of the ma- 
chine. 

The caat-iron clay cylinder A, 

Pig. 1308, ia expanded at the 
upper part to form a hopper into 
which tho clay ia aupplied. and 
the lower cylindrical i»ortion ia 
about the same in diameter as 
the length of the brick-mould F 
at tho bottom of the pressing- 
rhamlwr II. Tho vertical wrew 
C ia placed in the aiia of the clay 
cylinder, and carried by two l*ear- 
ings in the up[ST frame D : this 
aenrw ia parallel at the lower part, 
tho bhulo nearly filling the j«ml- 
lel portion of the clay cylinder, 
and ia ta|iercd conically at tho 
tjpp»‘r part to nearly double tho 
diameter. Wlien tho clay ia 
tlmiwn loosely into the hopper, 
it ia divided and directed towards 
tho centre by the curved arm E 
revolving with the acrew-Bhafl, 
and drawn down by tho tapt^red 
portion of tho screw into tho 
parallel part of tho clay cylinder, 
in sufficient quantity to keep thia 
part of the cylinder constantly 
charged, any surplus clay easily 
escaping laU^rally into the loose 
clay in the hopper. The cUy ia 
then forcotl downwards by the 
parallel portion of the acrow into 
the pressing-chamber B. and into 
the Drick-mould F, which conaiata 
of a parallel block. Thia block 
is equal in thickness to a brick, 
and slides hotwei'n ftxc<l platt^s 
above and below ; these plates 
nontaining the two moulds F and 
G, Fig. 1310, rorn>iqMtnding in 
length and breadth to the bricks 
being made. 

TIm' mould-block F. Fig. 1310, is made to slide with a rccipnicnting motion by means of thi> 
revolving cam H, which acta upon two rollers in the frame 1 connected to the monld-blc»ck by a 
rod sliding through fixeil cyca ; and the two brick-moulds arc thus placeil alternately under the 
opening of tho presHing-chamber B to lyceivc a charge of clav ; tlie mould-block remaining sln- 
tiouarv in each position during one quarter of a revolution of tlhe cam H. AVhen the brick-mould 
F is withdmwn from under the pivss-ehamlier, the brick is discharged fnuu the mould by tho 
decent of the piston K, which is of the same dimensions as the brick-mould ; the piston ia pressetl 
down by the lever M worked by the cam X, when the brick-monld Kto|>s at the end of its stroke, 
and is drawn up again l»cf4»re the return mMion of the mould begins. A second piston L acU 
in the same manner upon the fw'cond brick-mould O ; and the discharged bricks are reotdvtsl 
upon endless bands O, Figs. 130.5 to 1307, by which they are brought suoeeadvelv to tho front 
of the machine, where they are removed to the barrows for conveying them to tlio kiln to bo 
bunuHl. 

The solid block that divides the two briek-mnnlds F and G is slightly wider than tho di»- 
eliarge-oponing at the bottom of the pre»sing-cbninla»r B, having an overlap, so that the making 
of ono brick is b-rminateil l>efore that of the m*xt In'gins, in onler to ensuro c*mipleteneas in tho 
moulding. During the instant a lien this blank is passing the opeuing at the bottom of the pressing- 
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chnmH<<r» thft diachargo of the clay ia ntoppe<l, and it l)ceomi» necessary to provide some mcana 
of either relieving the prensure during llmt period or stopping the motion cjf the prcKsing-arrew. 
The latter plan would be impraeticahlc; and in this machine the former mode is cstatdishod by a 
verj' ingenitms contrivance, forming in effect a safety-valve, which prevents the pressure in tho 
chamlK?r from increasing when the brick-mould is shut off, aud also serves to maintain a uniform 
pressure during the formation of the brick, so as ensure each mould being thoroughly and 
cquallv filled with elay. This is effccte<l by an cscape-piiw T, Fig. 1308, which U similar in fonn 
to tlie brick-mouhl, but extends horixontally I 30 S. 

from tho side of the pressing-chamber, ana 
is open at tho ouWr extremity. The uvu- 
lar actiorr of the screw forces tho elay into 
this eocaiie-pi|>e as far as its outer extremity, 
forming a parallel bar of clay in the 
the resistance caused by the friction of this 
bar to sliding through Uio pi|)e is then tho 
measure of the amount of pressure in the 
machine : and this pressure cannot be ex- 
ceeded in the niaohine, for tho instant that 
tho brick-mould is full the furth«T supply 
of clay fed into the pressing-chamber by 
tho continuous motion of tho screw cscapti 
laterally by pushing outwards tlie column 
of clay in tho esca|ie-pi])c. Tho uniform 
pressure of every brick in the mould up to 
this fixed limit is ensured by the escape- 
pipe rKit beginning to act until that limit 
of pressure is reached. Its action is similar 
to that of a safety-valve : and tho amount 
of pressure under wluch the bricks are made 
is directly regulated by adjusting the length 
of tho esco])c-pipc. 

The imporhiiit result of this arrange- 
ment is that it prevents any risk of over- 
straining tho machine ; and the action of 
the screw has a s]H-cial advantage in filling 
tho brick-mould with a cimtinuotis uniform 
stream of clay, which is being constantly 
supplied at a uniform moderate pressure, so 
as to ensure Uio mould being thnrougldy 
filled with a uniform density of clay through- 
out, without re<]Utriiig any sudden excessive 
pressure that would cause the brick to be 
more dense nn the outside than in the Wintre. 

The pr<*8sing-elmmlK*r is mwle larger in 
transverse area than tho supplying screw 
cylinder, in order to iuercaso the uniformity 
of pn sHurc on the clay in the chamber ; and 
the regularity of action is shown by the 


working of the cscajie-pipe, which discharges 
* jolid clny, advancing by 
intermith'Ut stejw of ^ to | in. of lengtfi 


c-acli time that the brick-mouM is shut off 
ami changed. The projecting piece of clay 
fmm tho end of the eseape-pijie is broken off 
from time Ut time and thrown back into the 
bop^r of the machine. 

The upper side of the solid block separating tho two mnulils F and O is fart'd with steel, 
as shown in Figs. 1308, 1310, and tho ujirier face of the brick is smoothed by being sheared off by 
the wig*! of the oj»emng in the pressing-chamber : the under face of tho brick is smcNithed by l>oing 
planetl by a st(?ei liar It, Fig. 1310, fixed along the edge of Urn under-plate, having a groove in it 
for discltargiog the slmving of clay hiketi off the brick. 

'llie screw-whaft is flriven by bevel-gear from the shaft 8, Fig. 130.'>, which is driven by a strap 
from the engitie, the btdng adjusted according to the <]tiniity of the clay or the wtisr of the 

screw. The sen-w is driven at about tliirty revolutions a minute, delivering tho bricks at tho rnUj 
of ab<mt 30 a minute when at full speed, or one brick for each revolution of the screw. The 
machine completes regularly in ordinary work 12,000 bricks a day, or an average of 20 good bricks 
a minute. The amount of jjower roi|Uire<l for driving the machine and tho wear of the screw vary 
accortling to the material worked. At the Oldbury Brick Works, where two of the machines have 
been working regularly for three years, the elay is a calcareous marl, and the power required for 
each machine is a)x>ut 12 horwvjiower ; the rate of manufacture is 20 bricks a minute. 

Tho wear of tho screw varies considerably, according t« the maU^rial of which it is made and 
the tpiality of the clay worked in the maehini'. In a machine used by I’eto and ItetU at C'obhani, 
cost-inm screws have been worn out in a tdiort lime with very siliceous mab'rial ; but in two 
machinr>s working at (Insijort for two ytmra, the sen ws were renewed only once in that time, 
although os nmny as three million bricks were made by the machines. In another machine 
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working for two ye«re at tho Blaenavon Iron \Vorkn, tho 8cr(>w and mould-Llock wore made of 
guTi-m«‘tal, and wcn> found cummderably more dnrahlo. 

With ropiM to the burning of the brick* made by thcao machine*, no difficulty ha* been 
found from the brick* not haring been dric<l before sticking in the kiln ; and a very amall pro* 
portion of waKtc ia made in the burning. Where the clav contaiiiH much alumina and retains 
more mointuro in consor^uence, it ia found ailviaahle to *taelc tho brick* in Uto kiln in a* thev 
are termed, of from ilftcen to twenty course* each : a* NOon a* tho bottom lift ha* been starkea, 
small fire* arc lighted to drive off the ateam fmm the brick*, which might otberwiiM) aoften thone 
tftacked above ; the midiUn lift u Uion stacked and ttiioiUrly dried, and thou the top h'ri, after 
which the full fire* are lighted. In other case* the whole kiln i* stacked at once, and no difficulty 
hna been exi»crienced from the lower brick* not being able to bear tho weight of the «p|)er brick*. 


Section*, elcvaiiooi, and 
detail* of Platt and Co.’* 
dry-clay brick-making ma- 
cbiuo are shown, Fig*. 131*2 
to 1810. Wo take a descrip- 
tion of thi* machine from a 

paiier read before the Inst. y ^ 

of Mechanical Engineer*, by y^yy^^ /l 

B. Fothergill. The clay i* j^yy j) [ 

taken from tho bank in ti^- ^ 

way tmeka to a largo shed /yyy \>V 

or covered storehouse, which yV/^^ w 

keepa tJie machine* from I I yjlW l \ i 

injury while being worked 1 W 

in bad wcatlmr, when tho w| V I 

clay cannot be got suffi* 

cieatlydiy. Under the ahwl K ''’n'"' 

floor is an arrangement of H / J I XX 

flue* that can be heated to CO) 

ilry the clay aa it is taken H \ yf(// A T ^ H 

from tho bank. From thi* H A ' 

sheti tlio dry clay is taken H /'TJ A Q 

by an elevah^r A, t^igs. 1812, /^ Y : y^ ''\ A 

1313, and shot into a boprar \ J /'A ( ( o’*; : \ y\ 

at the upper end of a revolv- Vk 

ing pulverizing machine B, ' 

consisting of a screen fixed H ^ 

at a slight inclination from 9 

a horizontal position, and so 
constractoil and arranged 
that tho clay is pounded 

and forced Uirough it by crusher*, while stones and other liard Bubstances ore ejected nl its 
lower end. 
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The pulverizer is shown enlariTMl in Fijrs. 1314. 1315. The fixed Khftft C ia set at a alight 
inrlinatiou from the borizontnl, and the ends DD of the aert'en revolve upon it; to tbeao eoda 
are boUetl the longitudinal bars K B round the circumference, forming the screen. Those bars aro 
of a wedgi^Hba|iod acetion. ao aa to give a wider opening l>etwocn them on the outer than on the 
inner aide, to allow the pulverizetl clay a fn*6 eaoape. Thcro aro also attached to the shaft C 
within the enda of the screen two l>earera F F connected by two longitudinal bolta, which carry 
a ac*riea of caat-imn cruahera or ptilverizcni U (i, weighing alamt } cwt. eai'h : one bolt forma a 
fixed axis at the extremity of the pulverizers; and the other Mt acta as a support for them, in 
such a manner as to allow a slight space between their extremities and the inner side of the 
Bcruen-lwrs K, to prevent actual contact when the machine may lie working without clay. Tbo 
acrt'cn is made to revolve at about twenty>fivo revolutions a minute by a pinion driving the wheel 
H Axed u|M>n the up|H*r end. The clay is fe«l in by the hop|>cr 1 at the upper end. an<l by the 
rotary movement of the screen is carried forward and under the pulverizers G, whicli bnsik up 
the lumps and protts the clay out tliMUgh tliu spaces betwe<!U the burs E ; but owing to the manner 
in which the pulverizers are ar- 
ranged and sup(iortcd. they yield 
and rise when stones or other 
hard substances aro passing nntler 
them, jireventing any damage to 
the machine: and in conseimence 
of the inolination at whicn the 
ncttHin is act, tho stones aro grn- 
diiallv traversed through its entire 
length, and ultimately rcicctcd at 
the lower end which is left o|>eii 
for tho piirpoee. 

The clay is then conveyed from 
under the pulverizer by an ele- 
vator K. Figs. 1312, 1313, into a 
revolving conical screen or sifter 
shown enlarged in Figs. 131G, 

1317; from which it falls into 
tho hopper of the briek'prf*ss M, 

Figs. 1812, 1313, in a state of 
fine powder : anv particles not 
passing through the meshes of tho 
sifter L aro rejected at its larger 
end and conveyed by a spout to a pair of small crushing-nillcni N, and thenco back by the spnnt 
() to tho foot of the first elevator A, where they arc mixed with the crude clay, and go through 
the same process again. 


13H. 


tail 




" '‘‘r’™ n;.'"''"':* ■" '318 I- » f"*"' elovntioD. «n.l 

Fu. 1S1» » lran»yenic Motion. The aide elieeka A A are flie.1 on tlie friindnlion-plate and aupiK.rt 
the pnncitwl part, of the preaa. 11 i, the franio or M when' tho mould, aro arrana-d aii i" 
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whicli the bricks arc forme-il. C is the sliding mould-chargor, to toko tho clnr from tho hopper D 
tn the brick-uiouhU ; an adjustable striker K is Hxetl iiixvn the fnmt of the bopper to iTauge tho 
oliargtj o( clay when bettig wmvcyud to tho moulils by the forward UKdion of the lever F, which 
is actuat*Kl by the cam G, shown tlotUxl in Fig. Kill), flxo«l upon the Ijottoiu cam-shaft H. Tho 
lower ram I rests ami U actuated by the cam-shaft H, and is formed with four pistons K 
u|x>n the upjK*r surface : each of tin* pUtous tits into a sejarate brick-mould. Tho top mm-shaft 
L gives motion to the upper ram M, which is also formed with four pistons K upon the lower 
imrfHO(% oxw'tly (v>rrcH{>onding with tho four lower pistons K and fitting into tho toune brick- 
moulds. The twocftm-shaftd are driven at the Mime speed by the spur-wheels (.) which are driven 
by the pillion P. 

The cams R S lift the upper mm M, and arc so arraugctl as to prisluco two aucccasivo 
clevatioua ami allow two falls of the ram and pistons in the formation of each scries of four brirka 
made at twch revotutiou of the machiuo. The first blow of tho pistons, after being miMsl by tho 
first cam H, drives the clay out of the f«mr aperturtw In tho mould-charger C, which have becu 
brought directly over the four lirick-moulds by tho motion of the lever F; and compreaseH tho 
day into the moulds, thereby ex|>clliug the air from it : a very heavy blow U given by the pistons 
111)011 tho clay, the total weight 
of the falling {mris being nearly 
1 ton. Tho pihUms arc then 
raisrxl by the second cam 8 to h 
suitable height to allow tho 
mould-chnrger C to move back 
to its former iMwdtion undcruentli 
the hopi>er D, for tho pur|x)se of 
being IuIlsI with anoUier elmrge 
of clay. A second blow of tlie 
pistons then takes place, tho- 
roughly condensing tho clay in 
the moulds : and tho final pres- 
sure to finish tho bricks U then 
given on the tfm side by tho 
pressing cams T acting u{sm 
the frictioti-rnlleni U which are 
fixed on the upj*«r ram M : this 
downward pressure is met by a 
simuUntieous tipwanl movement 
of the lower pistons K, given by 
the eccentric form of the bottom 
cam-shaft II, Tho shaft H is 
also fonnod so as tn raise the 
bricks up to the top surface of 
the mould-bed D after the pres- 
sure U completed, wheuce they 
are remove*! to the table V by 
the forward movement of the 
mould-charger C, wh»m deliver- 
ing the clinrgo of clay for tho 
next set of bricks. An india- 
nib)>er buffer-spring X is plarcMl 
in the up|K*r nun M, to receive 
the concuHsion of the fall of the 
mm U])on the earns K S, iu case 
tho machiuo shoul*! from any 
cause run without clay. By 
this arnuigement of applying 
the prcHHure both below and 
above Htmnltomsmsly, the bricks 
am kept in continued motion, 
sliding through the moubls whilst the severe pressure of the cams Is taking place: which gives a 
fine polished surface to the aides of tho bricks, and ensures the angles being all filled up completely 
w|uare. 

The faces of the monlds arc formed of wroiight-iron plates casehardenod and secured by pins, 
so that they can be easily removinl and replaced, when necessary. 

Tho whole process is thus self-acting, from the crmle day being fe*l into tlie pulveriser out of 
the drying-shed, to tho bricks being finished by th»‘ press reedy for tbe chmp or kiln ; and no 
waste of material takes place, other than the rcii>cttnn of the stones by tho pulverizer in the first 
process; an<l no nrtx’ess of drying the bricks Doing rc*|uisito-, they an? token *lircct from tho 
macliino and stacked in th«t kiln ready for burning, thus avoiding all risk of damage from handling 
whilst in an unl«k(.'d state. Tho clay may Im mixed with breeze or ashes, or chalk for white 
bricks, or other such substances, tho machines workiug any a*)rt of clay or mixture e*|aally well ; 
the press by its extreme pressure forms a perfect brick in an unbumed state, and an uucoinmon 
lianIncHS and closeness U obtained. 

By this pMoess of manufacture, within n quarter of an hour, clay may bo taken from the she*! 
in its crmic state, and the bricks tlelivennl by the prcMa, token by a tramway, and landed in tho 
kiln ready to be burned in tho usual way. Buildings have been erecied with these bricks; and 
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it is found that with caro in atiting the bricks the inside aurface is ns perfect as the oatnda, 
and is floishod without any nccasiou fur plaster. For bricks so perfectly formed it might be 
expected that great care would 
l>e required in manipulation, 
and the production must ncccs> 
sarily be slow. The reverse is 
however the case, and the fol- 
lowing is the result of actual 
working. Tlic maoliincry pro- 
par<‘M the clay and completes the 
nricks at the raU' of hricks a 
minuU', or 1800 an hour; in one 
day of 10 hours' work 18,000 are 
pp^ucod, giving a h>tnl pnMliiof- 
tioii of 5,-100,000 a year of HOO 
working days. Thus with a 
v<-ry modemto amount of iitten- 
ti«m |mid h» huniiiig, which is 
rendered I'lisy hy tlu* gr«*at firm- 
1 H‘HM of the bricks, 5.(K>0.000 of 
pt'rh-ct hricks limy he hunu'il 
from one machine in a year. 

Fig. 1H20 is of a brick ma- 
chine, which rc^iuin'S from G to 8 
hors4'-|iuwcr to produce 12,000 
to 18,000 bricks a day, according 
to the nature of the clay ope- 
rated u|ion. This small machine 
(»f Clayton and llowlett crushes 
the clay, pugs the material, and 
moulds the bricks : it is a very 
oomidetc machine. 

lljo rough clay A is taken 
from tlio heap in barrows and 
wheeled up an Incline, nr it is 
drawn up the incline by suit- 
able gearing by the |x>wer of 
the machine; and then shovelled 
into the feeding-hopper 11, in 
which revolvea a shaft which 
has acTcml small knives fixed 
ii[)on it; the duty of these 
kuives is to cut up the largo 
lum]w of clay, and at the same 

1330. 
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time tn prpM it down upon tlio rollcra incaHed in and further, to prevent the receiving-hopper 
from Ixjcoming chokwl. 

The eruHhtDg-roUera next grip the claj, and cru»h all hard Itimpe and large atonca, and force 
the thiiit pnrtiHlly-nre^Mretl material to tho pug-cylinder C, in which revolver a atrong ahaft fitted 
with a number of knivea, set in such a manner so as to form sotdinns uf a screw, which by their 
mtury action thoroughly pa; nr mix tho c/ti.v, and at tho same time force tho homogeneous tnass 
towaixls the end D of the cylinder, where it passes through tho die or mnuhling or&ce on to the 
cutting-off tables. 

David Murtha's hricA macAiMj Fig. 1321, has a series of rotating circular disks 1, arronged so 

1331. 
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as to opeml»» upon the clay, which, nfU*r l»eing forced from tho narrow owning b of the clay recep- 
tacle, is out into strips of the proper width of the length of the hrick. In front of tho disks 1 is a 
transverse series of similar disks J, for tho purpose of cutting tho striiM of clay inhi the proper 
widths. The feeding-table E'Ktf is made in sections, so as to admit oT being ]nsscd successively 

through tho machine. 

Fig. 1322 shows 8. M. Parish's apparatus for dryin/f 
brick*. It has a nmibiuatioii of adjustable BUp|M>rts (i, 
to prevent the weight of the bricks from sagging tho 
board, which rusts on a carriage. A rod which couuccU 




the slats is pivoted on jonmals, and used in crmuectiou 
with a carriage K and movable rails. I) B arc wire red 
tracks; U II atljtutablo loading-stays; B'B' movable 
extension-rails; A A posts; I stringon; 0 the return 
tracks ; and D tho roof of the shed. 


pHitfituf . — The pug-mill is one of tho most useful and essential iiuplemcuts in brick and tile 
manufacture. The object of pugging the clay is to bring it into a complete homogeneous state of 
consistency. In the clay as dug, with ram exceptions, the strata are various. In some portions 
ilic unctuous, in others the sandy, sUicoous, or other <iualities prevail. In order to work brick- 
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olny properly wvl effeetiTcly, it U indispenaoblv neceiwiiry tn incorporate its variona component 
parta, nnd to make it of one uni/ortH ch^tracter. ^hc pu^'inill b then'fore the most vali^ble and 
Important precum»r of the sub^uent j)roce«!ie8 of brick as well as of tii« rMnu/arturf, inasmuch 
AS the oimal consistency and integrity of the raw material can alone ensure the uniform stren^h 
nod good quality of the oomplcted brick or U. Clayton and Co.'s improved Arcbimuliau 
knife pug-mill. Fig. 1323, produces these desirable riwults. 

In Fig. 1323, A is a east-iron cylinder into which tho clay rot^uired to be pugged is thrown. 
Upon the central shaft B are fixed wrought-imn stoeUtipped knives C, C, C, C (so placed as to 
form a section of a screw), which cut up and mix the clay, and at tho same time force it down- 
wards to tho outlet D at tho Mtom of the cylinder, which can bo adjusted with a sluice-door and 
lover for letting the clay out at certain times. 

There is a door E, fastened with a strong wronght-iron bar, in the middle of the mill, for con- 
venience, when it is nociKsary to inspect and clean the knives fitmi roots and other foreign mate- 
rials that may adhere to them. 

Tho bottom end of the png-shaft B works in a steeled bnshed step P. 

Chtyton, Son, ami tind Stlf-delirery TaWc, Fig. 1324. — When a stream of 

clay of sufficient length to cut Uio desired number of bricks has been expressed from the die or 



moulding orifice of the machine on to the receiving-rollers a, a, a, the single cutting-wire 6 is 
caused to pass Uirough tho stream of ela^ to sever or divide it. The desirtd lenj^h of moulded 
clay being now cut off from the mass, it is drawn forwani by hand over the rocciving-rnllers on 
to the cutting or plate table e, in front of the cutting-wires d, d, d, so that the expression of the 
main stream of clay from the moulding machine may continue without interruptiou, whilst tho 
severed portion intended to be cut up remains stationary. 

This iK)rti<»n of tlie mouhhd clay is now ready to be cut up into bricks, which is done by 
causing the wires to pass through it by m<«ns of operating tho Itandle c, which simultaneously 
transmits motion to too pinions / /, the racks <7 anu the whole rack-frame A A, carrying with them 
tho series of wires d, d, d, and also tlio platc-tablo c ami platen or Imard i, causing tLo plate-table c 
to |SMS from under the clay through which the wires are passing, and to be replac-ml by tho 
{M)rtablc platen or beard i. The handle c is now to he moved in the opjiositc direction, by which 
tho whole movable parts deHcribed are rotumeU tn their original position, taking with them tho 
clay now in form of cut bricks on tho platen or board 1 : this platen or Niard 1 is then removed 
with the bricks upon it. Another board being substituted, tho machine is now in position to repeat 
tlie o])eration. 

One of the great advantages of this table over those previously in use consists in tho perfect case 
witii which A large numU'r of bricks can 1 m) cut and safely removed from the machine in a given 
time. This is effected, not by increasing the quantity of material coming from tho moulding 
machine, but by tho greatly-increased focUity for the required operations, and by lessening the 
nuiiilicr of the wasU> pii«es of moulded clay. It also wholly suficrsedcs tho risk and labour in 
the removal of the bricks from the machine. In other machines of the kind the cut bricks have 
to be removed from the table separately to place them on the barrow, rendering this portion of the 
operation subject to k«s or damage of Uie bricks by negligeuce of the workmen. 

In this tabic these practical objoctimu arc avoidctl. as by its arrangement a positive mimlicr 
of (ten or twelve) bricks is cut and delivered, by one simultaneous operation, c'ach time of cutting 
on to a recc‘iving imlette or board ready to be placed njiun the brick oarrow without the cut briclu 
having been liandlerl in any way. 

This table alw jmssesses tho fulvnntagc of being available for any variation of length of brick 
and for any rei)uij«d angle of cut, or for arch bricks, simply by removing tho two strain-bara 
between which the wirt« are strctchc<l, and by replacing them with other bars of tho desinsj 
gauge, thus superseding tho nccesaitv of tho outlay hitherto necessary for a series of M.qiarate 
cutting-tables. The action of this table is such, t^t whilst tho wires are |iassing through tho 
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Fig. 132G rcproitrnU a crosiHiOctinn of one of Clajrton ami Co.’a Clay and Cluilk Waohing-MUla; 
there are two racco D, C, the luiuur ooc B fur chalk, and the outer C foreley. A ia a central iron ahaft, 


clay, it U hold tme and firmlv ngainiit a smooth metallic rei(ii*taneo*nlAte : thus the finish of the 
cut is clean and tho oiicIh of the bricks are w{nan\ anti not left raggocl or tom. 

Hitnd-povtr brick^prftmin<f i/drAinc, Fig. 1^25. '^This little machine of Messrs. Clayton and Hew- 
lett U the most perfect of tlio kind that lias fallen under our notice. A is tho mould l>ox or chamber, 
in which a niston is moved 
up and down by moans of |«r- 
tial revolution of a cam on 
tho cam-shaft B. actuated by 
the hand-lever C; this cam- 
shaft is connected with the 
topKViver D by the side arms 
£, and moves up and down 
with it, but when pressing is 
free to reciprocate on its own 
centre without moving tho 
cover or side arms. F is a 
weight attached to the cniu- 
shaft, and vibmtcM with tho 
hand-lever C, which being 
sharply thrown over, adds 
cousiderahly to the pressure 
by its own momentum. O is 
a friction-roller on which the 
curved end of the Imml-lever 
works when delivering the 
bricks, and by palling the 
hand-lever over in tho posi- 
tion shown in the engraving, 
the whole of tho com-shah, 
with the sklc arms and cover, 
aro bodily raised, and the 
piston is hrougltt up flush 
with the top edge of tho 
mould-box. rough brick 
H to bo preawHl is now placed 
u|ion the piston, and tne lever is brought ovor to the right stop I. Tho curved end K travels 
ii|ion the friction-rollers, and the whole cam-shaft, side arms, top-cover, and the piston with the 
brick, arc lowered until the lever arrives at a jierpendiealar iiosition, bv which time the cover has 
U'cn brought into its projHT (sisitiou on the top of tho box ny the gufdes ; the cam-shaft is now 
entirely supporteil by the side arms and cover, and simply reciprocates upon its own centre, which 
motion causes the cam to raise the piston and compresses tho brick. The lever is now thrr)wn 
sbar|>ly back the npimsite side, which action causes the curved end of the lever to ride upon 
the mller, and bodily raises tho cam-shaft, the top-oorcr, and the. piston, and delivers the brick 
ready to l>e taken away. 

One of the great features in this press is the patent self-lubricating piston, whereby a great 
saving of time is cffectod, and tho great di«idcratum of preventing the adhesion of the brick to tho 
monhl has Iteen obtained. 

The proctu of wuhinif is resorted to for the effectual separation of limestones and other sub- 
stances fjtHn earths into which they, injuriously to the manufacture of clay wares, intrude; or for 
tliosi' classes of bricks, such as London stocl^ with which for a special ohj<*ct chalk Is largely 
mingled with the clay. For such ohjt'ct Holler and Harrow Wash-Mills are much used, and they 
aro applicable i»Hparat4'ly as chalk-mills. These mills are also used in cases where a special 
manufacture renders the washing of the clay, or of the whole of the raw material, necessary. 
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mip|M)rtod at the top, ix>ttom, and contro by tlio atejw V, W, W'; to this sliaft is fixnl a C-way 
iK«ni-Hockot Y, into which arc flttwl and securwl six liarmw ijoams, two of wkicii are sliown at 
E, E, Fig. 1326, nuUatiiig fr«)m Y. lTp<m these beams K, E, are fa«ten«l harrows F, P, by menns 
of chain slings >i, which when the mill is at work j>enMit of the harrows making a zig-z^ 
motk»n. The chalk race D is furnished with three spike-rnllera, one of which is shown, in 
Fig. 132G, at H. Besides the harniws w'o have mcntioDod, there arc two others attached to their 
respective licaius £ in tlie chalk race D. 

The ends of the harrow beams £ are snpportcd by tie*bolts K, K, K, K, which are secured to 
a lug-ring b at the top of the centre shaft A. The tie-holts are carried through the lugs on the 
beam-caps p, and can bo tightened up when required by the nuts at p. Scrapers T T an; fixed at 
the ends of the l>eams to keep the sides of the races clean. Motion is given to the central shaft 
through a Itevtd-pinion U on the lay shaft 8 and bevel-wheel O keyed on the central almft A. 
This bevel-wheel O works on antifriction rollers P, I\ fitteii beneath U. Chalk is Ihrrrnn into the 
hopper B (secured on to ami revolving witli the beams E), and passes into the chalk race D, where 
water is intmiluccd. The material l>ecomea nuickly Uquefie<l, ami passes through the apertures 
Z Z into the clay race C, wherein is thrown the clay, &o., required to be wasbe<l, which is here 
w*orke<l by the barmws, re<luced to a thick liquid state, and amalgamated with the chalk water. 
The limestones precipitate, and the liquid mixture is let nfl* through the sluice £ and outlet M 
to the ** back,” or reservoir, where it renutins until of suitable consistency for l»eing moulded. 

Crushing . — In Fig. 1327 A is the roociving-bopper of Clayton's Clay-crushing Mill, into which 



the earth requiring to l>c crushed is thrown. B. B‘. are casi-iron chilled rollers, bored and keyetl 
upon wrought-iron shafts, which work in gun-metol bearings. The rollers B, B', may be sot nearer 
or closer, as desirctl, bv means of the set screws C, C', so that the stones and lunq)s of hard clay 
may Im‘ crushed as well as the finer material. The machine is fixed upon a strong timber framing ; 
round the receiving-hopper A a platform is usually erected for the convenience of wheeling tho 
clay to Uio mill. 

VerticiJ and MnuItHiuj Machine . — The machine of which Fig. 1328 is a side elevation 

and Fig. 132U a plan, is srunetimos termed a tviKfprocfss brick-making machine. This machine of 
Clayton and Co. is very substantial and complete; C is a cnst-imn vertical evUnder fittetl at top 
with n sheet-iron hood or guard H (for convenience in feodingX mounted and bolted firmlv upon a 
strong cast-iron framework F K and foumlation-plate F‘. S8 anit two sitle frames, also bolted to 
framework F F and to foundation-plate F‘, whose duty is to carry tho expressing or mould- 
feeding rollers R R. llie vertical cylinder C is furnished with a strong, square, wrought-iron png- 
shaft 8', turned at ends, and into which are fitted and secured single wrought nugging-knives 
or blades B B B B, so dispoee<l os to form sections of a screw, and at bottom of the cylinder one 
double delving'blade or sweeper D, forge^l in form of fi. Motion is given to this pug-sluirt 8‘ by 
means of bc-vel-whe<d W, keyisl upon the vertical shaft, and pinion W fltte<l U|)on the pulley- 
shaft A nndenieath the cylinder-plate F. Tho v<>rtical shaft S‘ runs in a step T ImlUsl to the 
foumlation-plate F*, and is supfiorted !>y a c*dlar B* in the cylimler-plate F, and alsw) by a bridge- 
bar B' fitt4il at the U>p of cylinder, thns rendering tlic whole substantinlly rigid. A sluice- 
valve V is adjustml at tho bottom and outside of the cylinder C. opposite to tlio expressing- 
mllers R K, fitted with regtiiatiiig-scn>w and wheel 8*. Two wrought-iron carriage-bars C C' arc 
bolttni to rvlinder-fromc F F and roUer-frarae 8 8, into which are fix<d small ivdicrs R' K', 
making a framework bridge for tho |iassage of the pngged earth from the sluice-valve V to the 
rollers R R. 

1* P are segmental packing-pieces of wrought iron inscrte<1 in suitable recesses inside the 
roller side frames 8 8 fitted with set screws, tliat they may be nressed against the ends of the 
ndlers R R, to prevent the fAssage of the clay between the rollcm and the side frames, and 
mrnpt'nsate for the wear of these [larts. The rollers R R receive motirm by suitable strrmg spur- 
wheel gearing from the horizontal pulley-shaft A and pinion P’, through the intermeiliate shaft 
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A* Rful wheel E to lower foeilln}?-roll(‘r 
iihaft tttul whet‘1 E', tho U)|> it»lter 
being gMinxl on tho op{Nieite side b; a 
pair nf Mpiir-wlioelft (* O. 

N X arc sbx-l Rcm|>er8 with rega- 
Uting-eerewH tlttixl upon the delivery 
mouth -pim^ of the machine, for cli'aning 
the mUerM as they revolve. 

In front of the delivery moutli-nioco 
IB attarlut] the rotary die or moul«h of 
which M M are the rollers, which am 
covtin*<l with cloth or fustian. Theoo 
side mouidiog*n>llem are tlrimt by 
Bmall licvebwhtH'Is and horiz^mtal Hhaft 
N on tho top side of tho die, reecivin!? 
motion frr>m tho lowt«r roller-shaft A* 
by pulleys and belt. A water-tank T’ 
U attaohM over, Utbd with pifN'M and 
n^nlating-eocrka, for keeping moist the 
cloth-faeetl rollers M M, to prevent the 
clay adhering thori'to h.h they r<»tato. 
In fr>nt of the rotating die or moulding 
orifice is shown the nolMelivory rntting- 
table. of which a doacription already 
bocn renderod. 

The brick-making machinery, in- 
vent'd by Henry Lar»>, which is om- 
plny»'il to muku hard bricks, and espe- 
cially those which do not re<]uire burning, 
is ilhintmtid bv mechanical drawing. 
Pigs. U«0 to 1387. 

The maU-riiils of which tho bricks 
are to l>o raaile when properly mixed 
are placed in a mould, which is then 
brought under a plunger workeil by a 
crank-pin, occeutric, or other wiuivalemt 
meclrniiiral device, whereby tho mate- 
rials in the mould will lavAuno ooii- 
Hnli<lnt«'<l and compnwscd into the form 
of a brick. Tho mould with tho com- 
preswil brick therein is then cnrriisl 
forward ti a second plungor. tJ»o nwl of 
which is conmcUvl by a r«K*king lover 
to the rod of the first plunger, ao that 
immeiliatMly after a brick has U'cnctmi- 
presis'*>l the briek timt has ju.4 1»oun 
paan-*! forwanl will lw» by the dt^nit of 
tho sts’onil pinton forrH**! oiit of the mouM 
on h> a receiving-table attache*! to tho 
end of a weighted lever, from which tho 
finUli«.<l brick is rt.*mov«Ml by hand, and 
then the table U carricil up by a weighted 
lever into its original |sisitUui, roa<ly to 
reoeivu aimther brick. 
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Ki^. 1330 U a side ( Icratirm, and Fif?. 13S1 a 
frrtnt elevation^ (»f one of Largo*s brick iiuu^hinca, 
which may abm bo omployt'd for moulding or 
compreming peat or feiuull coal into brickaof arti* 
ficial fuel. 

A plunger a {a employed, to which a vertical 
reciprocating motion up and down in suitablo 
guiuHfl U ctumnunicab'fl by an axia 6 driven in 
any convenient manner by steam, horse, or manual 
pem-or, and carrying a crank-pin 4^, which is re* 
ceivml into a horizontal slot in the stem of tho 
plunger a ; beneath which is a table e to support 
the moulds which nioiikls are shown detached 
in side view at Fig. 1332, end view at F'ig. 1333, 
and plan view at Fig. and are rectangular 
fVnmes open at tho top and bottom, and {ler* 
forated on both sides and both ends. The mould 
is placed on the table, and into it there is first 
inserted an iron pallet or bed, sliown detached in 
Fig. 13:t5; this bed is ]>erformted, and having a 
projection upon it to form an indent in the brick 
to hold the mortar. The brick-making composi* 
tion or material, nr peat, turf, or small coals, or 
other sulwtanco to oe o{»erated upon, is then 
filhd into the mould iu suitable quantity, and 
over it is insertcil another |iallut also perforated, 
anti linving a piv>jection upon it to form an in* 
dent on tho other sid(‘ of tho brick. Or plain imn 
{silh'ts can be used, which would bo the case for 
comprcNsing peat, turf, or small cvml. Then the 
imn plate c, shown dt'tacbcd Fig. 1336, a-hieh 


gives the r(<quind thickness to the brick, is imt 
on the top |iallet. The mould thus cbargeci is 
pushed along the table h and bmugbt under iho 


plunger o, and the plunger coming down on the 
bip of the iron plate c poiferfully compresscit 
the contents of the mouM and forms the 
inaU'rial into a brick, or any other fonn 
desirtd. The plunger immediately rises, 
and the first mould is pushed on, and the 
plate c is taken out. whilst another similarly 
charged mould is brought into position to 
roeeive the pressure at the next descent of 
the plunger. Kach mould after passing the 
mnulding plunger is pushed outwards until 
it comce over an o]«ning in the table, as at 
c*. slightly larger than the inside of tho 
mould. While iho mould is resting on the 
table c it receives a 
second plunger at the 
lower end of the rod /, 
whereby the brick or 
substance in the mould 
is forced out of it on to a 
palm y. which is held up 
againiri it by a counter* 
balance weighted lever 
A acting against the 
lower end of the vertical 
rod I. Tho second plun- 
ger has a reciprocating 
vortical motion given to 
I it by moans of a link, 

^ whereby it is conncctctl 
to a rocking lever j, (he 
oppmite end of which is 
similarly connectMl to 
the rod of the first plun- 
ger a. Tho finished 
brick or substance in 
the mnnld, together 
with the bottom and 
top lallcts, ivmain on 
the pnlm A, their weight 
being snfiicicnt to kr<ep 
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the polm down. As caoh brick or KubirtAnce ia removed the palm A ngain aecendsto receive the 
next brick, and the empty mould ia conveyed away to be refiJleil. On the same principle that one 
brick or substance is compressed in the manner descril>«!(l, two or mure can be made at one stroke 
by using several plungers, and ahwi can be driven nut of the moulds by a second set of plungers. 

Figs. 1338, show another arrangement of Large's machine. The bricks made by this 

machine are not burnt, but merely mixisl, in proportions of sand and cement, and pressed into 
moulds of the required size ; they are then laid on the ground or on shelves for forty -eight hours, 
to harden, after which they are stacked in the o|ien air, exposed to the weather, and in fourteen 
days are reaily for use. These i)rirks increase in hardness for twelve months, after which they 
resist the action of frost, and do not absorb moisture. The first patent for making concrete bricks 
was that of Hustwayte and Gibson, in 1863. In 1866 L. D. Owen introduced a plan of making 
concrete bricks which has been worked most successfully in Bouth Wales. In the ^wn of Ncw|>ort 
many of the houses are built of these bricks, and one firm in the town luaniifacturea 60,000 a week. 

I homas Don. the eminent machinist, gives the following as the result of some experiments by 
hydraulic prawure;— Kbo.rd I« ll... Cn..bri.t 

T<>na. luCiA. 

1. A stock brick, as ordinarily maile, cracked at .. .. 1* .. .. 8 

2. A compresMxi concrete brick, composed of 1 part cement amh .q 

C parts coarse sand, 14 days mauo / *’ *' 

3. Hand-made concrete brick, 1 |)art cement, 6 parts burnt btill'uit . . 

and boji^n mixed, made 7 weeks / ^ ’* *' 

4. A malm fiaviour, vei^' well made and burnt 6 .. 31^ 
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MwUUtuf of Sricks . — The mcnidy Fig. 1339, for forming the bricks h» to ^ larger than the size 
of tbe brick to bo made, m the clay hlinnka in buniing. 

Brick-moulda may Iw made of any hard wood, which should be thoroughly seasoned, &nd the 
edges, which wtar very faiii, should be prot4y^to<l by a thin strip 
of iron. Monlds shnuld l>e frequently gauged, especially when 
the brick^mokers find their own moulds, or the bricks made will 
vary very much in thickness. Brick-niouhU are now mode 
linw with brass, which sltows the importance sttaM;hed to the 
oorreet moulding of bricks. 

Two methods of moulding are employed, namely, and sand 
moulding. In the former the mould is dipped in water every time 
it is used : in the lather it is sprinkled with fine saml, or with ashes 
from an old brick kiln. In cither case Iho brick-earth should 
not be used too wet^ and it sh<»uld l>e pressed carofnlty and 
thoroughly, so as to fill tlio moulds. The superfluous earth U then 
removed by a .«/W4c, which is a straightnidge of wood or metal passed along tho top of the mould, 
and pressed well down on its edges. Steed strikes are best, as wooden ones are cut by the edge of 
the brick-mould, and then scrape away too much of the suKaeo of the brick, thereby rendering its 
thickness irregular. 

Bricks matle by band are moulded on boards or benches : in India, mostly on the ground, which 
should be made as smooth ami even as possible. At Itoorkee, smooth plastered terraces have been 
used, the surface itprinklctl with fine sand or ashes. The bricks are moulded side by side tilt the 
terrace is covertd; they aro then left on it till dry enough to be tume<l on e^lgo without loss of 
shape; then, aftiT another short interval, stacked, or, as it is calh'tl, laid in a hack. 

— The bricks should be left in stack until thoroughly dry, as, if put into the kilns damp, 
the strong beat of tho kiln will dry thorn too suddenly, and probably split or partially disiotegrato 
them. 

In drying bricks, they most be protected from the sun, wind, rain, and frost; and each brick 
must be dri^ uniformly from the surface to the centre. 

Slop-moulded bricks are usually dried on flats or on drying-floors, where they remain from ono 
day to five or six, acoonling to tlie state of the weather. When Hprt*ad out on tho floor they arc 
sprinkled with sand, which abnorlM thesui>erfluous moistnre, and renders them less liable to crack 
in tho sun. After remaining on the floors nntil sufficiently hard to handle without injury, they 
are built up into backs under cover, where they remain from one to three weeks, until ready for 
the kiln. In wet weather they arc spread out on the floor of the dr>'iug-nhe<l, and grt'at can> must 
then be taken to avoid draughts, which would cause the bricks to dry faster on one side than the 
other. To prevent this, bo^s set e<lgoways aro placed all round the shed to chock the corrents 
of air. 

The ground required for drying bricks in this manner is comparatively small, as they remain 
on the floors but a short time, and occupy little qiace when hacked in the hovels. The produce 
of a single moulding-btool b^ tho slm>-moalding process seldom cxceedH 10.000 a week, and the 
area occupie<l by each stool ts, therefore, onuill in proportion. Half an acre for each kiln may be 
considered ample allowance for tho working floor and hovel. 

In places where brick-making is conducted -on a large scale, dnp'ing-slteds are dispensed with, 
and the hacks are iisnally built in the open air, and protected from act, frost, and excessive heat, 
by straw, reeds, matting, canvas screens, or toniaulina. 

Bricks intended to bo clamp burnt aro not dried on flats, but are hacked at onco on leaving the 
moul«ling-stool, and ri'main in the imeks much longer than bricks intended be kilnc<l. This is 
rendered necessary by the difTerence between clamjiing and kilning. In the latter mode of burning, 
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tliK he*t am tw regulnted »n irroil niwty ; and if the prrn™ brioka, when Aral plaod in the kiln, 
be not thorouKlily dried, a senile heat is e|ipliud until thi« i« elTceted. In clamping, however the 
lull heat la attained aliiiest immeilialcly, and, therefore, the brieka muiit be thoreughly drieii, or 

thev would fly to pieoeg. ., 1 . 

*W« ftppenil somo ubcM directions »nd prnetiPftl remarks on the burning of bricks, Uken from 
* The iioorkoe Trootiso on Civil Engineering,’ Mitod by J. G. Metllcy. 

The ftumim/ of brich i« RU oi>en»tioii of grent tiiooty, because if not burnt enough they wiU bo 
soft Riid worthU^ and if ovenbme. they vitrifv, lose thoLr shape, nn«l often run together so as 
to be inseparable Btul useless. Various methyls have been adopU-d for producing the duo degn-o 
f.f firing In general, brioks are burnt, both in America and England, in a brick kiln ; but in 
London, the buniing constantly takes place in the o|ten air, the bricks being m^e up into 
iuirocDse quadrangular piles or cluinpa, consisting of from 200,000 to 500,000 bricks in iiach. In 
India both kilns and clamps arc used. 

Knnlith Kiln.—K brick kiln, as usually constnictcd, is formed of bricks built in a square form 
like a hou-»e. with very thick side walla, and a wide doorway at each end, for taking in and carrying 
out the bricks • but these doors are built up with soft bricks laid in clay, while the kiln is burning, 
and a tempomr>' naifing of any light material is generally placed over the kiln ti> protect the mw 
bricks from rain while aetting, and so made that it may be removed after the kiln is fired. The 
English kilns are gencrallv 18 ft. long. 10 ft. wMc, ami 12 ft. high, which size contains and bums 
20 000 bricks at once. \Vood is the usual fuel used in these kilns, and they are fr«iuently built 
with partitions, for containing the fuel and for supi>orting the brieka, in the fonn of archoi, as 
will be presently dcscribwl. The bricks must be placed in the kiln with great care, and this 
oueralnm U called sfttini the kiln, and is performed by one or two men who understand the busi- 
ng and to whom the raw bricks ait? delivered in barrows. The form of the setting u pretty 
nearly the mmo in the country kilns and in the London clampt, except that in tho latter the arches 
are much smaller, liocausc wood is otdv used for kindling and not for burning. 

Tb« bottom of the kiln, Fig. 1840, is laid in regular rows, of two or three bricks wide, with an 
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interval of two bricks betwo^'n each, and these roa's are so many walls extending lengthwise of 
the kiln, atul running quite tlirough it ; they are built at least six or ei^lit coun^ higli, so as 
to give the kiln the ap{M>arance shown in the figure, which is an end view of the kiln. And 
this is {lennanent work, in kilns that have finyplaces built in their floors, or it has to bo formed 
every time tho kiln is set, when it has a flat bottom. Thu intervals between the walls are laid 
first with shavings, or brushwood, or anything that will kindle easily, then with larger hrmshwiMNl 
cut into short lengths, that it may pack in a compact manner ; and lastly, with bigs of sjilit wood. 
'I bis done, the over-sjiauning or formation of the arches is commenced ; for this purjKise every 
mnrse of bricks is made to extend 11 in. beyond the ooiirso imuiedintely bolow it. for five courses 
in height, taking care to ikintlc well behind, that is, to Uick up, or till up with bricks against the 
over*s]MimH'rs. An et^ual number of (Ntursea. on the opposite side of the arch, is then set as before, 
and thus the arch is fomn'd, w hich is cnlle<l rounding, and is a nice and important operation, for 
if tho arch fails or falls in. the firu may W extinguished, or many of the bricks alxive the arch may 
l>6 broken. The intermediate spaces lietween the arches are now filled up, wo as to bring the whole 
surface to a level, and then the setting of the kilrts 
proceeds with regularity until it obtains its full 
height. In setting tho kiln, not only in its hoaly. but 
in the arches also, tlie emU of the bricks touch earii ^ 
other, but narrow spaces must be left between tho 
sides of every brick for tho fire to play through, and 
this is done’ by placing the bricks on their wlg«.'s, 
and following what is rallod by brick-makers the , 
rule of throe ujnm throe, reversing the din'ction of L 
each course, as shown in Fig. 1841. Tlic kiln U'iiig 
lillcil. the top course is laid with flat bricks, so disposed tliat one brick ooveni (Art i>f three others: 
which procesa is called pbittinj. 

fniUan KUn. — There are various methods in practice in India of filling and firing a kiln of the 
aame construction as the aliovc. 

1st. l.Aying iiIleniHte rotupb te layers of wood fuel and of bricks, the Hues iiassing «tnly 5 or 
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6 ft into the interior of tho kiln, all the rest of the floor being occu|>ieil by the first layer of 
fuel. 

2n*l. Arranffing the bricks in a second set of flues five or six coursoa above the first, and cross- 
ing them at right angles; and so on with tluea alternately in those two different diroclions to tho 
top; or, 

3rd. Having, as before, ono sitries of flues at Ixittom, and above alteninte complete layers of 
bricks and fuel. 

Firimj, — The kiln being filled, tho fintvj succeeds, and thU is a most delicate opemtiun, and 
one that requires much exjwrieiicc. I'he fuel U kindltnl under the arches, and reiiuirt's clnso 
watching and attendance, fiir being in a large bo»Iy, it w«iiild bum violently and prrxluce a sudden 
lieat such as would crock and siiuil tho lowest bricks. To check the burning, tho arch hnU>s or 
luoiiths are closed with dry hrickK, or even smeared with wet clay, in order prevent tlie entrance 
of air and the rapid combustion that wnnld ensue. Tlie fire must be uwd<‘ to smother rather than 
bum. as in making charcoal, in order that by its gentle beat it may evaporate the humidity that 
rtmiains in the bricks, and prr.idiice drying rather than burning. ThU slow fire requires to Iw 
kept lip about three days and three nights, by occasionallv o|Hming the vents to supply air and 
additional futd, and cloNing them until the tiro tfcia up, as tan workmen call it, that is to say, until 
it has fouml its way through all tlte chinks ami ofieninga between the bricks, and Itegins to heat 
those at tho top of tho kiln. To ascertain tho progress of the tin-, the top of the kiln must bo 
w'atchcd, and as soon as tho smoke changi'S ctdour from a light to a dark hue, tho drying U com- 
]>lete, and the fire may be urged. The first, or white smoke, called water-smoke, is in fact littio 
else but the sti^m of the water while eva^Hiratiug, and when that is gone, tho real smoke of tho 
fuel succeeds. Xnw tho vents rnay be ojieiied to mimit full draught, and a strung fire kept up for 
from forty-<-ight to sixty hours’; nut the boat must not be while or so strong as to melt or vitrify 
the brickiis ami wheiiover it apjs'urs to l>e increasiiitS too rapidly, the vent must be partly clused. 
lly this time the kiln, if it contains thirty-five courses, will l>e found to liava sunk about 9 in. ; 
hut the stronger tho clay the more it will shrink, and it U by this sinking that the workman knows 
when the kiln is stifikdently burnt. The cxjN'rioiieo of burning a few kilns will show how much 
the clay of that particular place yields bi the firing. VMien it U thus ascertained that the kiln U 
rwuly, the vent-holes, and all other chinks through which air can enter, are carefully stopped with 
bricks and clay. In this state it remains until the bricks are cold enough to be taken down, when 
they are distributed for use. 

From the nature of the above pWK’ftHs it w ill be evident that bricks of very different qualities 
must be found in the same kiln : for os the fire is all applied below, the lower bricks in its imme- 
diate vicinity will be burnt to great hardness, or perha|Mi vitrified; those* in the micldle will la) 
well burnt; and those at the top, which are not only most distant from the fire, but more exposed 
to the open air, will be too little burned; com*equently, if they can be uso<i, they iniist be reserved 
for iusluo work that is not eijssanl bi the wiaithcr, or they will aivm fail ami cnimblc to pieces. 

E^jlith Clamp . — In the Knglish method of of$tK r/mnn burning, without any kiln, the piling anci 
disposition of the bricks is the same as above descril>e<I, oxc<q»t tlmt the bottom arclnw are much 
Nmallor, as they are only inUiTKltd to contain brushwood to producer the first kindling, and not for 
the future supply of fuel. Ko fuel is nse<l except the brtett cinders and small coal, and this is 
distributed, by means of a sieve with wires about half an inch R]wrt. over every course, as it is 
laid near the Imttoui. and over ever)' nltemate course, or ever)' thiid course higher up in the kiln. 
The first layers of this fuel are from 1 in. to 1^ in. in thickness ; but they diminish as they ascend, 
because tho ludion of the heat is to ase«uui ; couseiiuently, there is not the saino uecesidty for fuel 
in the upper as in the lower fart (»f the kiln. The hmsliwnoil in the bottom igniU*s the lower 
stratum of fuel, and fn)iu the nature uf its distribution the vertical as well as horizontal joints 
will be filled with it, and thus the fire gradually spreatls itself upwanU, and the wh(»le clamp is 
nothing but a mass of bricks ami burning fuel. The h(^t is tiiercfore much more generally dis- 
trihiiteil throughout tho whole moss, and in order to confine it, the entire outside of the clamp is 
thickly plastered with wet clay ami xaml, tite bottom b<‘ing opened or shut, as occasion may 
require, for regulating the drought of air. 

Notwithstnuding the boat is much more (xpmlly distributed throughout this form of kiln, yet 
the outside bricks all around receive very little lulvantage front the fin*, and an* never burnt ; but 
being on tho outside they are easily removed, and arc* reserved for the outside casing of the next 
c’lamp that may l>e built : ami being then tiimiHl with their unbaked sides inwards, w>m«' of them 
l»ecoine available. On taking down the clamp, the bricks are assorteil into three separate parcels 
or varieties, occttrfling to their {M>rfection and giHslness. TIur«c that are burnt very hard and have 
not lost iheir figure or sha|M>, may be selectet! h)r andies. The main Issly of well-burnt bricks are 
(*:iUed 9UkK$, and those which arc imperfectly burned are called piace bricks. 

These several varieties of brick have each a separate price, the best Ijcing worth twice as much 
ns the worst. If the fire has not lx*en carefully nttendeil to. and has ls*<fn |s:rtnitt<sl to get too 
vitdent. some of the lower bricks will become distorted by fsirtinl fusion, and may fnso and adlieru 
together, when they are called elinMert, and an* madess for building purposes, but form an excel- 
lent pjad material. 

A coal clamp of 100,000 bricks rarely burns out under a month. There is a great saving of 
fuel in burning large claiufH) : but where time is an objt«t. small clamps ought to be made. The 
bricks ought not to be oj)oucd out bi'fore they are thoroughly cool, ns they are apt to crack by the 
breeze playing upm them when hot. The amount of coni to be used de|)cnds upon the quality of 
the fuel, and the degree of hardness to which it is wisheii to Imrn the bricks. 8ix Immlrcil and 
fifty or seven hundriil nmunds of mmlerately gixsl cr«l ought to 1 mi suffiident to bum 100,000 
bricks; a great deal, hnwev(>r, depends also tipm the clay; a light sandy clay, such as is found 
by river sides, takes loss fuel than a hard, strong clay. 

A luatiml is an Indian weight, varying in different hsmlitics from 21 to about 82 IW. avoirdui>ois. 
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The Ma<lni8 mntind in 24 or 25 lbs.; the Bombay matiml 28 Um.; tho Surat maund 41 lbs.* and 
the liazAAr maund 82^ lbs. 

In London, close instead of open clamps arc employed, no spaces being left lietween the bricks. 
Each brick contains in itiwlf the fuel necessary for its vitnilcntinn : the breeze or cindcrii serving 
only to ignite the lower tiers of bricks, from which the beat gradually spreads over the whole 
clamp. 

/mlinn C/omp. — The native clamp, or pajdtenh, is an arrangement for brick-boming In the open 
air, someahat resembling the (Inglish damp. Tho bricks and fuel aro laid iiiU'niately, the 
former in courses of four or five bricks, the latter of 2 or 2} ft. in tliickness, the proportion of fuel 
lM>ing diminishofi b>wanU tho top. The whole is generally built with one side abrupt and nearly 
vertical, and with a long s1o|M) on tho other. The fuel consults of dry grass, womlen chips, k/uU 
(manuit*X kuonth (litter, miscellaneous dry swoepiugsX and wpia (dried cuw-dung), and very geno* 
rally a layer of wo<id under all. 

The form of the is gcncmlly triangular: its floor smooth and sloping at an angle of 

15% Wing lowest at the angle, where it is lighted. Tho U|j|)cr surface slopes at an angle of about 
30'', in the direction of its length. 

Tile following is a note on brick-burning in pftjdteahs, by Ltcut. J. Finn, formerly Executive 
Officer of Mnti'rials at llnorkec : — The quantity of fuel used in tlie Hindnostanco kilns at ami near 
Roorkee is alsmt <» in. thicker than the layer of bricks placc<l over it: that is to say, if the fuel is 
3 ft. in thickness, tho layer of bricks placed on the top of it should be 2^ ft. or five bricks high; 
each brick iK'ing G in. wide. A kiln now being filled at Unorkco has a layer of woo<l alsmt 1 ft. 
deep all along the Isittom, but none in the second or thinl tiers, exccjding a small quantity at tho 
mouth of titu kiln to ensure its s{M*e<ly ignition. When tho kiln is resuly for firing, about 1 B. in 
thickness of fuel is spread all over its ton, and over that 1 ft. of ashes. 

Tho under-mcDtiom>fl quantity of fuel will Imm one lakh of bricks in a native kiln, namely, 
325 2-bulJock eart loads of khdt. 750 roatimls of oo/i/(t, and 100 maunds of firc-wond. 

C)nc« a kiln is fillctL, covere<l over on the top with ashes, and firoil, it is not liable to injury 
from high strong wind ; nor will a heavy fall of rain harm a kiln when in tho above-mentioned 
state. 

The size of bricks used in masonry works of tho Nortbem Division, Ganges Canal, is 
12 X G X 2} in. 

The 8nnm*r a Himlnostanee kiln is fired the Wtler. Wlien aWiit one-third filled, the kiln 
ought to W lighted, for the fire will hum quicker and more equably before the fuel becomes com- 
pressed and |>artly decayed Ilian it would otherwise. 

The fuel use<l in a fntjdttah tYmsists of all kinds of combustible refuse of towns and villages, 
and oopia and dung made into cakes well dried in the sun. Oitpfa and huJdy khwUy (Wnes and 
pigs' uung) have bec*n weighctl Wfore Wing put into kiln: of tho former, from 1.500 to 1800 
maunds: of the latter, from 300 to GOO maumls; and aWut 0000 iimuiids of AvortiA (village ri'fusc) 
are roi|uired for one lakh of bricks. Small quantities of wihkI have sometimes bti’n put into kiln*^ 
but it proved disadvantagiYms, and the use of wood and AuriniA conjointlv is injurious. 

The time occupied in loading a kiln varies from two to three moiitlis for each lakh. Experience 
has convinced brick-makers in ludia tliat tlie sooner a kiln is flre<l the Wtter. The rule is thst 
when 40,000 or 50,000 bricks were piled into the kiln, it should W lighted ; the progress of the fire 
Wing slow, any iiiimWr of bricks can W {died nfterwanls. 

Figs. 1342 to 1344 show sections of a brick clamp as bnmt by Captain Sage. Contents of 
kiln. Fig. 1342 : — Small wood and chins, GOO maunds ; coal in layers, 750 maunds ; bricks, 20G,(K)0. 
Contents of kiln. Fig. 1343 : — 75,000 uricks ; 1 185 maunds of wood. 

mx 
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Various experiments were made in Beng:al^ and the result pulili^hed by Uie BliUtary Boanl, 
in 1827 and I82K, on the bnmintc bricks in chm/u, both with wood and coal. Tlie clamps were 
built with du«M as dcecribod in the Eogliah AiVns, but smaller, and filled with well-dried cliips or 
brusliwofxl. For the fuel aliovo the flu^ green wood was preferred, as rctanliiig the fire ; wood- 
Irsuli'd kilns generally borniug tin rapidly, and cauHing great loss by vitrifying tho bricks in 
tho centre. Tlie wikiJ was split up into pieces not exceeding 4 or 5 in. in tliickness, ami so 
arrangetl as to leave level surfact*, for tho layers of bricks to be laid u|»on. The flues were 2 ft. 
high and 9 in. wide, with three bricks laid flat on them, having narrow intervals to allow of thn 
fin> ascending frcfm the flues. The clam|)S w’erc finUhod with altemato layers of brick and fuel, 
the bricks being laid touching each other throughout, tlio interstices formed by their contmetion 
under tho gn'st heat being sufficient to ensure the fi^g of the upper layers of fuel. Tho sides 
of the clamp were then built up with mud and broken bricks, well plastenid with mud to exclude 
the air. 

Besides tho advantage of chearae^ coal is shown to be in many other rcs]>ects superior, as 
fuel, to wood ; the s|iaco occiipioil by it between the layers of brick U so muck smaller, that the 
clamp sinks much leas, and its outer casing is less deraiigtsl. Tlie wind which interferes with 
the gradual an<l equable process of the fire U thus better kept out The loss by brewkage is like- 
wise much less, and Uic bricks from being burnt more slowly arc more coiu|iact. Tlie coal should 
lie broken into pieces not exccetling 1 in. in diameter. In Inins, likewise, coal must have liko 
advantag«>s over wood except as n^gards the gre-atiT displacement of the rasing of tlio clanqMi ; the 
|K‘rmaiieiit walls of kilns not l>eing liable to this contingency. Kiln walls may be built of bricks 
plastered with mud, and refiaired with the same materi^ from time to time; tliey should slope on 
the outside alsiut 1 ft. in 5. 

Another ennstructioD, by Capt. Dell, Figs. 1315, 1346, seems well adapted to prevent the 
sinking of kilns when wood is used as fuel.* The wooil is evcrvwlu.re contained in flut^ cnasing 
each other at right angles, the walls of which are supported by layers of bricks on e<lge, completely 
covering tbc ana of the kiln. 

The gnmnd layer of four flat bricks being laid with eouidistant flues, they are filled up wiili 
light wo^ and dry cliijM. over which two Imcks arc laid flat; on this is formed a second set 
of flues, running across tlie ground flues, and, after filling up between the flues with wood, tho 
whole area is built over with three bricks on eilgi*, the length of the bricks running in the same 
direction with tb*' flues and wood. The full height is fomuMl by an alternation of flues and solid 
masses of bricks, as shown in Fig. 1346. Two rows of bricks laid flat 8e<‘m to be reauisite above 
c<vA set of flues, to prevent the brides on edge from falling iuto them, whilst the fuel is being 
consumed. 

To close the clamp, extend the flue opening as at o, Fig. 1345, one brick in length, and cover 
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Brick Clamp burnt by Captain Ball at Burdwao. 
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it with two flnt hricka. Then build up, with one brick brcatltb-waya, the outer coating aa at a 
(with balWrieil brickn, or any kimlX o'fw which straw (well wotted) i« laid <mj the sloiie from the 
top downwardii, giving it a good coat of mud plaster, llie mud should not be thickly laid on. but 
well nibbed into the grass. If thick, the lu'at of the firo and sun maki« it peel off and admit tlie 
air, before the fire has gone through the kiln. 

One great error appears to consist in putting large masses of wood into the ujBpcr tier ftucs : it 
is thus that so much material l»eoome8 vitrifksl. The gnmnd fines ought to be filled (but not 
chokM) with good dry fuel intermixed with chips, so as to communicate quickly through the 
whole. The wood of the first tier fdionld lie rc^utonably Urge, with some small pieces or chips; 
and in every higher tier in succession they should be less in size as well as in quantity ; l>ecause, as 
ail the fim and hmi rise from below, the higher tier has the advantage of all the foregoing flue fires 
in addition to its own. Previous to its ignition, too many bricks sUiuld nut lx; piled above wood, 
however great the quantity of the latti‘r, or thev will lx> irregularly burnt and much fuel wasted. 

8eo Ik»ND. BoSiMJovasK. Ubickwobk. OoxsTsmiox. Kilx. Stoxe, Artificiat. 

Works <tnd Poprrs retatimt to : — Ilruglmt, *I/Art du Bri<iuetier,’ 2 vo!*., 1861. 

Dobson (E.), ‘ On Bricks and Tiles,* 1868. Modlev (F. G.), ‘Boorkce Treatise on Civil Eogineer- 
iug.' Papers bv Clift, Fothergill, and others, in tfie * Trans. Inst. Mechanical Engineers.* 

BRIckWOllK. Fb., de briqiKSj Gkk., Mauerarbeit^ Xieijdw^k ; ItaL., Mottonato; 

Si’AX., EHiodrUhdti. 

A term used in the art of construction to denote the oomlnnation of bricks witli mortar or 
cement. 

Architects and surveyors in the ncighliourhood of London ailopt as their stamlard of measure- 
ment for brickwork tlio s(|uare nxl of 272 ft. superficial, rcdiicicd to a tbickuess of 1| brick. In tlio 
pn>vtnces and by civil engineers tlu* cubic yani is more commonly used. 

A rod of rexlueed brickwork of four courMcs to the f(s>t in height ro<(uirei( 4%lij bricks, and a 
cubic yard requires 384 bricks. When the mortar-joints are limitixl to } of an in. in thickness, 
the rorl of brickwork contains 258 ft. culie of bricks and 48 ft. culx; of mortar; the cubic yani 
r«mtaifis 22| ft. culx;> of bricks and 4} ft. culie of mortar. When the joints arc | of an in. in 
thickncMs, the rod brickwork contains 235 ft. culw of bricks and 71 ft. cube of mortar; the 
cubic yard contains 20} ft. cube of bricks and <>} ft. cube of mortar. 

The pivqMirtions, in general, of bricks and mortar in any given quantity of brickwork vary 
according to the size of the bricks and the thicknras of the mortardoiuts. In practice, 3 cubic 
yards of mortar are allowed to a rod of brickwork, and 36 bushels of Roman cement with an equal 
quantity of sand ; hut when Portland cement is used there should be allowe<l about 38 bushels of 
<‘*'ment to an c«pial quantity of saiui. When the prr»portions of I’urthmd cement to sand are to be 
ns 1 to 2, 25 bushels of the fonner and 50 of the latter wdll bo required for a rtxi of brickwork. 
126 gallons of wat4*r aro usually allowed to a rorl of brickwork to slake the lime and mix the 
mortar. Cement requires rather more water, (.mriicuiarly Homan cement, which absorbs it very 
rapidly. 

The weight of bricks varies considerably, some weighing only 5 lbs. and others 7i lbs., and in 
w*me cases as much as 9 Ilia. each. For the purpose of ralculatton, however, the weight of a rod 
of brickwork just built may be taken at 16 tons, which will prolwbly be reduced to 15 tons when 
the work l>ecotmw thoroughly dry. 

8ome bricks are very po^us, ami will absorb more than mr-fifth of their weight of aater, if 
immersed in it sorni after timir withdrawal from the kiln. When bricks are exfosed to the rain. 
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which in usually the case when gtacke«l for huihliu^, they t»ke up a larj^e quantity of water, which 
tlicy never entirely part with. Ordinary Loudon stocks absorb aiiont ow-Jiftttnth part of tiielr 
weight of wat4>r in the proci**s of buildiu;;, moat if not all of which they Irwe ap»in by eva{K>ratimi. 

Brickwork built with Portland or Kotnan cement requires a wei);ht of nt>out 30 tons u 
superficial fool to proiluce fracture by comprcaaion ; and when built with Hue lias lime mortar, 
thorfiiiphly wt. it n?<juir€w abotit 20 bma. When Portland cement is used, fracturt* alinfwt 
invariably takes place in the bricks: but with Homan cement, |iarticular)y when umsl with much 
sand, fmctur»» som«*times oivurw in tho o*nu*nt itsidf, ami still mnn‘ frei^uently when mortar is the 
cementing material— a result naturally to be ex|>ecte«l fn»m a oonsideratiou of their relative degrws 
of stn njrth. See CoNSTRCcnoM. 

BHICK-N(KU»lNO. Fk.. Rrmidisinujc dc Iriqiui ifun ckduis <k chorpenU f Geb., 
verA ; Ital., MumtHm tU riempimea/o. 

Itrick-iu»g^Dg or brick-nog partition, is a description of walling consisting of brickwork and 
timber. It is Usually made of the width or thickmws <A a brick, and is framed similar a wotsl 
mrtitiou, the quarters or studs b*^ing 2 or 3 ft. apart, with brickwork filhd tu l>etwi*en them ; 
IioriEonUl pii*eeN called norWim/-#nrtvs, are also laid in regular tiers lH:tw(>en everj two courses of 
bricks. Altlmugh brick-m^ging does not add to the stn!Ugth of a partition, it is some little 
security against fire. 

BUK’K-THIMMKR. Fb., EncKfvttruvi de 6r»^iir8 tfuns cAcww'a^*; Oer., Ourt ho>jfA. im K<min ; 
Ital., Arco di maitoni. 

Brick-trimmer is the term applied hi a brick arch abutting against the wood trimming just in 
front of a tire-plac*>, and use<l to support the hiwrth. Htfa Fig. 271, p. 121. 

BIUUGK, Fr., /'oaf; Oeb.. IfnkAtr; Ital., i^fAX., /*ttcnfc. 

Bridges are structures, usually of wooil, stone, brick, or iitm, en«*t«d over riven* or other 
watercourses, or over ravines or railrvaols, to make continuous rnmlways between banks. 

A </nxto-6ri(ff/c is a bridge so c<in»truot4.’d that a part of it may lie huiqiorurily reniovfd, or 
drawn aside, to alKiw the passage of vosm.<1s; calioil also a or haa*,-HltJtridijt, when the 

[Nirt which ofHms turns lotendiy on a centre or end pivot. In nmtlicmatics ami mceliunkrs tho 
tiTms frifmif/y, Utterxil^ and fufcni/ify, or tho nuality of having distinct sides an* ofh'U misappHtd. 
/rfjfcraf, as an adji-etive, signifies protv'eding mmi. or attached to, the sidc-s : as, the lateral branches 
of a tnx; ; lah'iwl shtsils ; or as an adjecUve this term may sijmify, din-chHl to the aide ; as, the 
lah-ral view of an objtvt. Somctiuieai, in matln*matica, an c«{untiou of the first ilegns? is desiguahd 
as a laterxd nj%bition. In meehauics, Intemt prttamre ttr $trr$» Is a pn^iire or stress at right augles 
to the length, ax of a iMwm or bridge; distinguished from /oii. 7 ifur/in<j/ pressurr or atress. And 
Uitrrfti etrenqtM is that strengtli which resists a teudency to fracture arising from latc'rul 
pressure. 

In the scsjuel, we treat of the construction and mcchnnicwl itxiuireincnU of />raic, Oirder, 
iMiiticty 2’naj, 7Wi«4<r, fYym/, .SAcw, nnti TmatU bridjfa} after we have examined tho 

nature an<l actions of pntssures, thrusts, and tensions. 

Ay«i/iViam of PrraKHrea^ Thruata^ urn/ Tfnaiona ;—Forrta . — Anything which cannot be presciik-<il 
to the SCUM'S must be rt'presenUd conventionally, or no idea of it cuu be eiitcrtAiuLtl by the mind. 
We have no objcclkm hi n-pn-sent the mugnitudi's and directbms of forces, vel<tciti<>s, preasurifs, 
thrusts, and k*nsions by straight lines of (UITerent lengths, an<l in difierent positkms; hut wu 
object to the cureless manner in which writers on mechanics nqin'sent forces, un^ssun's. velocities, 
Ac., by straigitt lines, triangles, and jiarallelogranis. out of all proportion, and often, bsi, without 
the lixmt rt^rd to the action, din*ction, or nature of the force considered. In the article on 
Ikiti.RRs, p. 425, we gave a couventional Htgiiificatinn to the areas of plane figun>s, hut in tho 
present article the sidcM and angles of triangh'S, {Mmllelograms, ami other plane figim^s are 
empluyid to give an idea of mecluvnical o|M‘rations and combinations, where the pritaciplt of work 
does not apply, as rest and not motion is hern principally considend. 

When comparing graplMcally the action of statical forces, it would be convenient to put a split 

arrow — r) to dc'signate the directions of tensions, tho arn>w without featlu'rs ( 

to point out the directions of thrusts, while the compleU> armw (m >) might lie appli^l to force's 
in general. If thns.* forces 1’, Q, U. Fig. 1347, he n'prcM-nted by the abstract miml>ers, fi, 4, 3, 
respectively, then if A B <J be a triangle whose side 
AC = 6, AB = 4, BC = 3, equal {mrts taken from 
any scale of equal {larU: let 1*0 be a tension equal 
ami parallel to A C, QO a tension tsiual aud {mrallcl 
to A B, K O a tension equal aud jiarallel to B C ; these 
threi‘ teusious will keep the point O at rest. Three 
thrusts represenkil by three lines 1*0, O Q, O H, wh<ise 
lengths are as 6, 4. and 3, rcs}K!ctively, aud paraUi-l to 
the sides of the triurmle A B C', will also kei'p the fioint 
O at rest. Take A T o<mal aud paralloJ hi B C, then 
the two thrusts represented in magnitude an<l direction 
by the liiu» T A, B A. and the teusiou represented in 
DiRgnitude ami dineiioti by the Hue A C, will k«*cp the 
point A at rest, .\gain, if B?f lie equal aud fiamllel 
to \ 0, tenNiotis reprt'M'nkd by A B, B S, and a thrust, 

C B. will keep the fioint B at rest. 

l>fl P.A, Q U, Fig. 1348, 1 k» a iiarallelogranL if 
PA, Q A, repr^'sent the magnitmlcs and directions 
of two forces, two presftun*M, two thnisU, two tensions, or two velwities acting on the material 
point A : then the dia^mal U A will represent the magnitude and din'ction of n single force, 
priAaun', thnist. or U-nsion, <H|uivaleut to the operations n pre.'^ented by the lengtlis and directions 



Digitized by Google 



6Cfi 


BRIDGE, 


of PA and Q A. 8uoli imAgin»ry parallelo-n^nw form a prwit portion of the etock-in-trodo of 
writers on mechanics. We have irlt^Kluee^l Fi^s. 1347 to 13M k) iUu»trHti' the luttuner in which 
the difTereiit forms of arrows may be aprdied with ndvaninj^c. Tlje nropertic'tj 
nointisl nut in Fig. 13-17 dc]>en<l ujjon tho truth aMscrtcd of the paraUelogram 
PAQR, Fig. 1348, which wo will prove presently. 

Thf priin'iple of sufficitnt rcaoon; firti rmplo^r>i /»v Archimedes indcmonstmtinq 
the fumUmuniinl propositiune of mecAcmir«.-~I,ct P ADtl Q, Fig. 1343, bo two 0 ()ual 
forces acting in the aaiiu' plane on tho ri|rid [a'r)N>ndicular ]>mp A H, tho {K>int 
K flxrtl : further, let these forces 1', Q, make equal angles, S A D, 8A B, with 
tho prop A H, which may turn to the right or left rimnd the fixed iKiint B. 

But as the forct's P and Q and tlio anglea BAH an<l DAS are also equal, there 
is no rcaaou why the post A U will turn to the right or left ; hence it will stand, 
and the two tt*naions will be neutraUz<*d by the |M’rpcndicular thruat of the ix»«t A B. This we call a 
irn’chanicnl dem<mstration, and the principleai>p]io<l tA</>n'nn)^co/ sn^cient rcaton. For there is no 
rcAHim why the post under consideration sbonld fall to one side more* than anotlier, heuco we concludo 
it will fall to mithor side. Let A B C D l)e a {laralielogram whose sides arc all e«|uul ; if the h ngth 
of the line A B be taken to ivpresent the magnitude of the f<*roo Q, then A D will truly repreaeut 
the force P; and two other cnual forocs, V anil U, applie<i to tho )>oint O, n'preseiitisl in nmgnitudo 
and lUrcction by tl»c lines C D, C B, will counteract the fom*s P and Q the same as the rswt A B, 
the diagonal A C being rigid. The principle of sufiicient reason a))]ilies here ns in the former 
case. It is evident that anv nimiU-r of tipial foroi's luny l>e appliisl in the directions of the 
am>ws, P = Q = V s U, witliout disturbing the form of the ciiuabsided parallelogram A BCD, 
or the p<mition of the rigid diagonal A. Tho abstract truth of the jsimllelogmm <if force*, 
thrust«, tensions, pmssurfMi, or velocities may be estabihsheil by it'asoning as follows; 1^’t A BCO 
be a pumllelogram ; when its sides can Ik; expresiK<ii by numiMrs, it may be divided into small 
parallelograms, the sides of w hich arc all Cfjuai to one another. Wo Itsve ts'li'cted a very simple 
ease, and taken OC s: 4 ixiual imrts and A(> = 3 of the same jiarts. Let tho force i* be to the 
force Q as m to a; in the present example, P : Q * M ! 3. 


1348. 
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Tlie force* P and Q appluil to tho material point O in the direction O C, O A, may evidently 
Ixj reprcwnteil by the lines O C, O A ; if a new set of force*, repreaentwl by tho small parallelo- 
grams, 1)0 introducwl as represented by the arrows in the figure, the combine*! action of the force* 
Pniid Q will not lie inU-rferfsl with, nor will the o*niilibrium of tho figure be disturl>e<l. 'i'ake, 
for example, the small dpial-sidod pumllelogram 1) KT L, aud for a moment suppose the diagonal 
D T rigid : then the prtm iple of sH^' imt muon applie* in the force* introduce*!, and no disturlianco 
lake* place. Ik;! us n«>w view these forco* under another aspect. The forces along the sidc^ of 
the small |•aralh’l<^rHm8 on the line CO arc equal to tho fore*’ P, hut in a contmry ilircction, and 
heneo dtwtrt»ys it. The forcta* nqinwimtw! on the line 9, 10, also destroy one another. This may 
l»c (mill of the force* on the liuo 7, 8: but the forces on tlio lino A B are not neutmlixed, and am 
exactly equal to tlio force P, but applied to the jioint B in the diagonal O B. Again, tho forc*« 
along the sides of the small pamlhdograms on the lino A O art‘ CKjual to the force Q, but in a con- 
trary direction, and hence may bo said to destroy it. Tho force* |V)inted out by tho arrow.s on tiio 
line 1, 2, also neutmlixc one another; the same may be said of the forces supitOHsi to 1)C intm- 
daco*l on the line 3, 4, and so on, until wo arrive at the forces pointeil out on Uic Inst line BC, 
which, together, aro exactly e*iunj to the force (L but applie*! to the ])oint B in the diagoual O B. 
According as the e«|Uiil imrts l>e long nr short, the (mint B will change its isxition; but it will 
always be in the diagonal O Z. and the three* *i + {• -f c + </ = P and ./ + / + s = Q will in all 
ci^s have their roHultant position in the diagonal OZ. Had we supixtsed the force P to bo 
divided into lOiH) oiual force*, O C wi»uld Ik? represmited by lOOJ cijnnl lArt.s, and O A = Q would 
then be compose*! of 750 such isirts, and our reasoning on the 750000 e*piilateral small parallelo- 
grams of forties would rt'sult in the same cxmclusion. The cqnilihrium of force* and pn^sures may 
••e Ulustrati.d in a practical way by a simple rnwhanical contrivance, nqtrtwunUsi in Fig. Biol, 
ftisily coustract«<l. Hupiswo P Q R to l>c a slab* or boanl rolling frindy ujion three CHpial spherical 
Isills placed on a horizontal table A BO. If any thrr** nnint^ P, Q, U, Ik* taken in the surface 
of tho plane movable on the Isills, and cords. A I\ B Q, C U, W attached, passing over the pulleys, 
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with a diflV'Tfiit amount of weight attaohcNl to the other ends^tho ondii with the weights attachotl 
aro not rcpmientod in the cut — the boimi 1* Q U will roll niton the balls, and ultimately oouiv to 
rest npon the table ABC, where the three forces destroy each 
other. When this ex]t(>riment is carefully made, it w^ll be found 
that the directions of the forces A B, B Q, C K, meet in the aamo 
prdiit O. Again, from any scale of equal parts take Or ^ the 
pmmds in the force drawing the cord Q B, and from the same scale 
of equal parts lay off Oo s= the |iounda drawing the curd 
then, if tlio pamllelogram Orxo be constructed, the diagonal 0.i 
will be in the direction of the third force acting over tla* pulley A. 

It will be further ftmnd that the units of length in ()#, the dia- 
gonal, will = the weight or force acting by the ooitl A P. 

If O a s 22 equal parts, O r = 2H, and O « = 20, all measured 
on the same scale of e<iual parts, then, if 7 lbs. be attached to the 
cord Q B, and 5^ lbs. U) the cord R C, a weight of 0^ lbs. mont bo 
attacbe<l to the c«>rd A B to maintain this equilibrium. When 
forces ore thus represented by a |tamllclognuii, as O rs /i, the forces 
rcpre«H*nted by tiio sides arc calletl the comiwment forces, whilo 
the force represented by the diagonal is denominated (bo resultant. Another experiment may bo 
instituUxl to determine the intensity of forces by this simple apparatus. Instead of three forctw 
being applied to the board, let there be any duiuIht: and suppose H to bo any iioiut taken in the 
movable plane P Q K. and from H let fall perpendiculars H a, U rn, 11/, and so on, in the dixoc- 
tioDS, or diroctions producinl, of the forces; tlu-n (ho units of length, taken from any scale of equal 
IMirts, multiplied by the |w>un<ls in the corresponding force, will l>e wliat is termt'd (lie t/uunmi of 
that force tending to turn the board or momole phino ujsm the point H. This being d«pne, the 
principle denominated f/ic prindpie of the equaiitt/ of may be verified by ex|terimen(. iluro 

out three forces aro applied but any given number may be inti^uctnl ; in the present case, 

H/ X B Ihs. + H m X Clbs. s: H X a A lbs. 

The student must not confound the principle of the equality of tnommts, just definc<l, with the 
intensity of forces usually considered by examining the motiona they produce, or the sfiaces 
over when the motions aro uniformly accelerated. It has been before shown that, genomUy, 

» W p 

(Force) = - - ; [1] 

t being an extremely small portion of time, denominated an eloroent. dnring which the velocity e 
is generated. The above formula shows that if, by observing the laws of motion, wc know for 

each instant the value of the ratio y, we shall then have, that of the currespomling etfort desig- 
nated (Force) in tho above fonnula. Suppose we know, from ex|>eTlraeut, that the motion is 
uuifonuly accelerated, we have, for the space S, 8 = ^ V, x T*, in which 

f = 7. ““[l]: 

. W 2 S 

(Force) = - ^ . [2] 

Rnppoee a locomotive weighing 10 tons (22400 lbs.) rnns, with a uniform accelerated motion, a 
distaucc of 154*4 ft. in four seconds; reauired the force in lbs. capable of imparting this accele- 
rated motiou, tho A*ictlou of the rail not ociug considered? 

From [2] (Force) = ' = ISMO Ib«. (See pp. 93, 94, IIG Byrne'. ‘ Ettiential 

Elements of Mechanics.*) 

Liefinitifm , — A bar IS Called a rfnif, or a h>, according as a thmst or a pull is exerted along its 
line of resistance. 

Let CHBA, Fig. 1352, bo a skeleton dUtqram repretientlng centres and lines of rcststanoes, 
H B a platform with a load W = 47 cwt. npon it, C B a chain supporting both load and platform ; 
find, by construction, the tension of the clmiri and the amount and 
direction of the pressure upon H, the point abntit which the plat- 
form turns, the weight of which Ix^ing neglected ? 

Draw W A perpendicular to II B, intcrNCctiug the chain in A ; 
join A an<l H, and, fmm a scale of e<nial parta lay ofT Ap = 47, a 
part for each lb. in W, which acts in the direction A W. Draw p r 
parallel to C B, and rn parallel to A W; the parallelognm Anrp 
gives the re<|uired tension and tl^st. In the diagram A r k 37 
equal {lariH, answering to 37 cwt., the pressure on the hinge U ; 

A a = 26 equal parts, answering to 20 cwt., the pressure tending 
to break the chain. Take H s ss A r, draw s m parallel to W H, nod s t parallel to II C ; then 
H t gives the thrust of W against the wall, which is repre-eenU^ by 11 C, and 11 m shows the 
pressure in tho direction of the stationary wall H O. 

Given a trlanguliur frame, A B C, Fig. 13.73, loaded and supported both in tho direction of tho 
vertical line D E ; find the relative proportions of the forces ? 

Put A, B, G, for the three joints, and <>, 6, c, for the three bars. These things being premised, 
from any point, P. draw P B, r Q, P 8, paraUel to the lines of resistance o, 6, c, respectively ; acroes 
these lines the vortical line QB8, then tho following proportions apply to tho forces:^ 

Load on A : supjxirting force at B : HUi>iiorting force at 0 : stress along c : stress along a : stress 
along b ; so stand in order and pro|x>rtion the lines Q8:8 R:QK:P 8 tPB:PQ. 
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Out of the six prnpnrtiorm tbu< flutvinotly atutoU, to illusitrato, wo alxall singlo oat ono : 
Ixnd on A I supporting force at B ! ! Q ^ ! H li. 
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Let a pole, A B, Fig. 1354, be Btipporteil by a cord, C B, and carry a weight, W ; rerjuired tho 
tension of the cord, and the prexatuv on the pole ? 

From B to n lay off ei|uul {mrU, to the unita of weight in W ; draw m a {mrellel to C B, 

intentccting BA in m: draw mp parallel to B a ; thendoro tlie uuUh in B p will give the tension 
of the cord C B, and the unita, nieasurvd uu the aamo acale of otjual pnrt^ in the diagonal B /a, 
will give tho thruNt on the {ado A B. 

8truta may be dUtingubhed from ties thus In Fig. 1355, I* Q. Q R. repn?4»cnt two bars of a 
frame meeting at the j(»int Q : prcKlnce the Itnea of roMistanoe l>ev(md Q to K and T. Then a force 
in tho direction of the arrow A, l>etwe<‘n the angle H, both bars are stniU : if tho force bo in 
the direction nf the arr«iw B, in the angle TQ F, then I*Q is a Mtrut, and Q K a tie. Again, when 
the force is applied in the direction of the am>w C. Iioth Iwra an^ ties; and. lastly, when the force 
is in the direction nf the arrow D, in the angle* S Q It, then I* Q is a tie, and Q H is a strut. 

A beniQ, A B. Fig. 135fi. r(*siing on a wall, C, ami sunjjorbd by a coni, Q A ; it is rc«juired to 
detenuine the direction and tension of the cord B P, so that the lH*am may not change its {tosition 
when the wall C is removed, the {Mint B la'ing also given ? 

Let G be the centre of gravity of the iMam, tlmnigh which dntw the vertical line Q t in tho 
direction of tho {dumb line, to meet Q A pmilucctl in «, join $ B, and pnMbioe it : B P in the diree* 
timi nf f B shows the dirtvtion a cord fasteued at D must take so that the Ijwnm will not change its 
IKMition when the wall C is removed. 



To find whetln-r a pi«»r, or other supjMrt, 8T, Fig. 1357, will overturn by the action of a force 
P. or the resultant of several forces operating in a given direction, PC A. Produce tlic direction 
of the force P, and let fall the perfamtlicular O A ; then, in order that the 
stnictiire may not turn im the {Mint O, we must have, G ladiig the centit* ^ 

of gravity, weight of the stmetun* 8 T x O B greater than P x O A. r M 

When (weight 8 T) x O B = P x O A, the pier will lx? on the point of turn* f 

ing on the edge, O. )M I 

By Conrtnu'tifm. — l>cl B C be the vertical line passing through the centre MTTm 

of gravity of the pier or pillar, intersecting the directum of the force P In 'V ^ 

tile point C : from a scale of tmuaJ i«rU take C F = the units in the {iressurc ^ 

P, and from the same scale take OF = the units in the weight of the stnic* ^ / 

lure. ST: c*implele the {larallehTgram of forces, C D E F, then C I> will give 9 1/ ^ 
the amount and direction of the single force temling to overturn the striio* / \l y 

turc or sup})ort, ST. Wbeji CD prrMluce<l intersect the Ww within the / J/‘ 

«lge O. the structurt' will stand; but should the jK>inl of intersection, B, 7 

fall without the Isisc, the structure mn»t fall. / I- 

A T. Fig. 13.5X. is a pier, or buUn*KM, weighing 8i’<0000 lha., P a pn^ssure 
of 3*20001) lbs. ; A B = O T s 6 C fl. ; O A = II T = 15 ft. : the ens«M«*ction - 


A BTO is a rectangular {mrallelogram, of which (4 is the centre of gravity. The direction of 
the force P h'ndiug to ovirtum the btructurc* cuts A B 4 ft. from A, and A C) at C, 7 ft. from A. 
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It 18 m|Tiirpt} in Hml whether the ntmcture will Atand or fnll, Ami wlmt will lie the Amount of 
the pretwiire, 1’, ju»t Auftioient to overtiiru the wdid inaMn of which A U T O in a cmsA-Aeotion ? 

C I’ S VXt’^T“A I*» = V ^+1* = 8 0r.22:»77, 

' cr : PA :: CO : oQ, 
or, S‘0622577 : 4 : : 8 : 3 = O Q. 

8inco A T 18 A rr*ctanpilar imrallclnurAm. a vortical lino, K O m, pA4«in{; through the 
centre of gravity, (J, dividi-* the baae OT int<» two equal parts. OS = HT = 3’3 ft. ; then 
wo can comjmn' mouiont of tho wall = H1«0(KH> x OS = 2KHHf>00. Moment of the i>n‘A«ure 
= H21KX10 X OQ w I27UDH0; 2838000 l>eing gn-ator tlinn 127<K)K0, tho Htructuro will ataiid. 

Putting X for the preasurc that will just ovorlum it, acting in the direction of P, then, 

283KOOO 

X X O Q = 2K3S000. /. x = 715022 lbs. 

If P = 715022 IHb., the point It will cniiicido with the point O on tlie outer edge of th« 
structure, 

(r«ir«c#rica/ Pre^ftMition . — If the AidcA. nr the sidoA proi!uco<l, of one triangle, A, r. Fig. 135£>, 
lie respectively |)crp<'ndicular to the side*, or Aides pn»duc«*<l, of anotlter, ABC, lhi»o Irianglew 
arc* similar, o Q, A P, 6 R. repn^sent the 
three jATiwmliculara, angle 0 Hh C S I* ss 
a right angle, angle c-l~ = a right 
angle ; hut angle C S P = angle e S Q, 

angle c = angle C. 

In the same way the angle A may bo 
shown to be cciual to tho angle B ; and 
conAe(}uently tne angle a s A. 

/■Wmrtt/tir Po/^/oa.— Fiinipiilar poly* 
gon ui the term employed h) d<t^igttat<.‘ a 
pdygon formed of rotls, cliainA, or cords, 
whoae ongular points are solicited hy 
any forccH whatever. The r»juilibrium 
of such a system of thrusts, tensions, A’C>, are subject to rules easily determinM. First, let us 
Aupi«ose that the polygon has not all its sides in the same plane, and is represented by the contour, 
A BC D K F. Fig, 1!K)0. ls?t P, Q, R, 8, T, .... be tho forces acting uixm each of the summits 
A, B, 0, 1), E; the respective tensions of tho aides A B, BC. C I), I) E, E F, represented by T, T,. 
T,, T,, . . . . respectively. If the entire polygon is in equilibrium, it must be so for nil the 
•ummits seiwrab'ly, and since T, must bo e»iual an<l op{Mwito to tho resultant of T and P, it 
follows that any two sides uniting at tho same annimit, ami the direction of the force acting u|»nn 
this summit, mtist l>e in tho same piano; and the tension T, must l>o equal and op|Kwite to tho 
resultant of the force Q aud tciiAion T,, ami consequeutly in substituting at the summit C, for tho 
tension T, its two cr>m]>oni’nts P ami T, the force* P and Q, and the tenaions T and T,, snppnstHl 
ii') lx* iraiisfrrretl to tl»e point C, parallel to tbcnuMdvfta, must bo in oqutllbrium. Wo see alao that 
the forces P, Q, R, and the tensions T and Tj, supjxx*e«l to be transmittfvl to the snmmit D in 
parallel directions, must then prrxluce an oquilihrmm. By continuing this procesH, wc arrive at 
tlu! nmeiusion. for the C4]uilibrmm of the funicular (M^lygorj, that when all the external fnrrcs and 
the tensions of the extreme sidtw are reganletl as transft*rr<.sl parallel to theiuMdvea to any summit, 
they must necessarily produce an equilibrium there. These remarks are inde|x*ndoiit of tho 
direction of the forces and the natim? of the sid«*s, aud are ap]i|icable when the sides are sub* 
j«*ct«Ml to efforts of compn'ssion insttwd of tension, with the reservaliou »t>lely that the sides he 
Bufllciently rigid to nuist the compressions, without a change of form. ^Miere the forces Sfdiciting 
the funicular )K)lygon arc weights, in which rasn the forces P, Q. K, 8, . . . . arc all vertical and 
parallel, and the fKdygon necessarily in one plane; for, the direction of each force, and th«ise 
of the two aides meeting at the summit, arc in the same vertical plane ; and, as tbr>iugh <mo Aide 
we can draw but one vertical plane, it follows that tlie two vertical plami*, <vmtaining the same 
side of tho polygon, arc coincident, and so for the other sides. Again, since nil the external forctts 
I^ Q, R, . . . . and Uh! tensions T, T,, of the first and last sides are in ciiuilibrium, T and T^ must 
also lx? in equilibrium with the single resultant of all the parallel forces. 

J*^trrminiitum of the TenntxM Ay a Graphiml CWstruc/itm.— If, in accordance with the prmxiing 
viewK. we des«cribt? upon the side A B, nroduceil from any convenient scale of I'qual {Mrts, a length 
equal to tho tension T, and construct the pnrallflngmm B aArf, Fig. 1301, the side Bo, lufasureil 
on the same scale of rxpial |Xirta, will reprenent tlieir tension, T, of the side B C, and the side H d, 
the external force P. Then, if we draw through the |s*int B, for example, a line BG* jx?rpen«U- 

cular to the din*etion« of the forces P, Q, R iimui which lay off B C‘, C D*. D’ E‘, E* F‘, 

F* (P, pmpr«rtional to the forces P, Q, R, 8. 1!, ami from the aame p>oint erect tho line B O 
perfM?ndicular to A B with a length propoiiioneil to the tension T, or B A, the triangle B O C* 
having two sidtw, B O. B C‘, n'wiMetively per|x?ndicuJar and pro|H)rtional to the sides B A and B d 
of the triangle B A d, mnst lx* similar to it by Un? gc<»metrical prrqswUion prect'ding. Then the 
third aide, () C*, of the fii>t will l*e proportional to the third side, A d or B a, or to tin* bmaion T, , 
and Will lx? perpendicular to the siile B C of the polygon ; the following triangle will be in the 
same condition, in notation to the side C D, to the force Q, and tho tcnslun T^ , which will be 
proportional to the side O D', and so on. Then, if the weight soliciting the different summits of 
the cuuUiur A, B. C, .... arc in eqailibrium, and wc lay off upon a horizontal lino lengths 
r«-s|H‘etively pmiNirtional to thew* weights, and tiien fmm ftnints of this line correAixinding each 
summit draw straight line* perpendicular to the directions of the «i«lcs of the polygon, all these 
right lines will intersect at the same point ami their lengths will 1« poqx^rtional to the tensions 
of Uio sides of (he polygon, which will thus be determined. If a line V Z be drawn pomllcl to 


• /? A 
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U O', the triiinplo V O Z ansit'tirs tho «amo purpoM) as tho trian^lo B O O’. TIjo trianplo B 00*, 
Fik* exprosscs tbe mmo relations as the trianj^lo B O O', Fi^:. 134il, B O' bcin^ taken C(|ual 

to the sum and in the direction of the forces P, Q, K B O is drawn parallel to tho direction 

of T, and B X parallel to tbe direction of T, ; G* X gircs the tension of T, and G* O the tension 
of T,. lioth imtasured on the Manie scale of e<iiial fsiris as H (f*. O R is jjamllol to T or A B ; 
O C‘ is drawn parallel to B C : O D* to C D : 0 E* to D E ; O F‘ to E F. 

Wo hare been vor^' particular to f>nHs nothing over that might make the pmper relations and 
actimis of thus circumstanced, clear to the mind of the Mtudeiit, since the pm|)or arrange* 

ment of thrusts and tensions, the action of braces, stmts, and ties, in bridgo-buUding, roofing, and 
in all mrtn of lattice-work, designed to cotubino strength with lightness, depend ujK>n tho esteusion 
of the simple principles hero presented. 


13 « 1 . 


13fl^ 



If tho same Fig. 1362 be invertwl, then such frame. Fig. 1363, counists chiefly of stmts, and is, 
therefore, nrudnldo unh^ their ends are made fa.st by suitable stays. In a {mlygimal frame 
Inadcsl and siis]>ciided vertkally, repn^ntod by tho skeleton diagram. Fig. R162, tbe bars which 
are struts in Fig. 1363 become ties, and the fmmo is stable and yet flexible. 

The diagram of f«»rco« for Fig. 1363 may be con.stmcted as follows : — Sunjicwe the polyg«*ual 
frame loadtHl vertimily and siip|H>rt(5d vertically, lot A, B.C, l>, . . . . l>c tho bars; rt,6,c,</,. « . . 
the joints of which 6, c, d, c,/, arc Inadod, <t and g are suppnrUd. Take any convenient }ioint, ns 
O, draw O A* jmrallel to A ; O B' {«rall»d to B; C* |)arallel to C: O 1>* |ianillel U» 1); O K* 
parallel to E: O F* |mrallel to F; and O G* pamllcl to G. Then draw tho vertical lino A* F* 
citMMtng tho lines O A*, O R', O C* . . . . Then if tho whole loml on the frame be reprcsentKl by 

A* F', tho parts into which A* F* is cut by the lim*s () A*, O R*, O C* will represent 

tile fractional ])arts of the b«d that must rest cm each of tbe joints to secure equilibrium. 

A, R| rt.'p«*scnts the i«irt of the load to be applied at the joint b; B, C, the jart to be applied 
at c ; C, I>| tlie fart to be applied at d ; and so <m. The lengtiis of tho lines O A„ O R,. O C„ 
.... n^prcaont tho rosistancta along tho lines A. B. C, .... to which they aro res|N>ctivcly 
parallel. Tho two parts F, G|, G, A,, into which F, A, is divided by the lino OG. {arntlel to G 
ri'pn^si'nt the supporting forces ot a and that is, F, G, represents the eiip|tnrting force at and 
O, A, the supfiortiiig force at n. The? horizontal stress of tne frame is n'pnaontid by the length 
of the wrp»*ndicular OG. let fall fmm O on F, A,. If tho angles of the polygonal figure A BCD 
. . . . w given, tho angli>s of tbe diagram of forces O A, F, are also given; henci*, w'hen tho 
length of any one of tho lines in C A, is also given, the lengtlm of the oUier lines are readily 
found by plane trigonometry, to any required dt^^ce of accuracy. 

If the skeleUm diagram ABl'D . . . . , Fig. 1363, represent an open frame, the liar O is 
omitted ; in this case the stress along the outer bars, repre»ent('d in tho diagram of fiircos by tho 
Itnes O A,, O Kj, must be met by oblique forces ns abutments ; for verti<»l sup|»orts would not bo 
sufficient This frame, being, os 
l>efnro rdmerved, cc)m}>osr'd of struts, 
is unstable, and roust be connected 
with Buiteble stav.s. 

Let A B and BC, Fig. RKM, bo 
a nxd resting on tbe side wnUs A 
and C: a uniform section of this 
rrxif weighs 6000 lbs., tbe angle 
R A C * 34’ R C A s= 44 ' ; it is 
rcnjuirol io find the ihmst on the 
points A, C, the roof being without 
a tie-lx-wm ; what would be tbe itm- 
sirm of a tie-benm, A C, or of a nxl 
connwting tbe fwd of tho rafters ; 
and also find the direction aisl 
amount of the pn^eturc of tlic roof to overturn tlio »iile walla? 

To wmstroct the diagram of f(»rcca, draw Go, Fig. 13tk5, parallel to A R; Oc parnlkd to CB ; 
and Ofr parallel k) AC, Fig. Rki*. » « »i i 

Draw the vertical lino efre = 6000 equal |iarts to represent 6000 Ilia, 

Ltd = 6000 llw. applIH, suppose, at the centre of gravity, O, of the section. 

angloaOft = 34°; 6Uc = 44°, Oab = 1)0-3* = 56’; Oc6 = DO- 44 s 46". 
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Sin. 7f^ I W)00 rfn. StP J Oc = 50S.'>-35, Nritiirnl nine of 78° = '9781470; notnrnl aino 

of5ir= •8200370. Sin. 78° : »5000 : : ain. 40° : (>.i = 441 1 *44. Xatuml sino of4«P = ‘TlOrWUH. 

The thruxt on the noint C = 50H.5 1U»., nnd the thruat on the {loiiit A a 441 i Dm. Am mIiio 
of 00° : Oti :: ain. «oi ; a6 * 2DMJ-8. he a m*M) - 2IiK;-8 « 3r>:0-2. .*. The aide wall 

at C 8U)>{NkrtH 8.')33 lint, of the weight W, and the aiile wail at A, 2407 Dm. nearly. Am tdn. 00' : Oa 
: : c<M. rt0 6;()6 = 30.57 • 3. The hriria^mtal thnint alon^ the aide .V 0 » 30.57 Dni. 

Draw A /> |K>riK'udicMlar to Af\ and so A, the Tertioai weight at A, Fij;. l.'KH; make 
A a = ()o^ the thni^t alonj; the rafter A 11 : complete the iNtmllelogram Apmn. and draw the 
diafTonal m A. = the amount and tlirection of the preaMunt of the r<M>f tending tf> overturn the 
wall A. Or, to avoid complicating the figure, we reproduce the <Ungmm of forces*, Fig. 13C0 ; 
iakiisg the linea Oo, a 6, complete the parallelogram then tlie diagonal a r gives the 

amount and dirK’tion of the prcswurc ns well as the parallelogram Aaiw;>, Fig. 13<>4. ()n the 
lines Oc, c 6, construct the |iamih-togmm Or Ac, draw Sc = the amount and diroctionof the pressure 
of the riMif applied to overturn tho wall C, when the tie A C is omitted. 


im 



IM). 



Oiven the dreleton diagram ABODE, Fig. 1367, of a frame Inmlcd and snpported vertically : 
AK Wing horizontal. OB., Fig. 13»W, U parallel to AB; OC, parallel to II C ; Ol), |mmlhd 
to CD: OK, )saraliel ti> DE; aid OK. is ilrawn parallel to AE; B, K, repn^si-nts the whole 
haul, and, being vertical, is perpendicular to O F,. Now suppns** the angle F, O C, ~ 12°, tho 
natural tangent of whieli is *21255= F, C,, when O F, = 1; the sc'caut of this angle is 1 0223 
= OC,. F,OB, = 87°; F,OI), = 21T; F,0E, = 50°; then the comparative icugtUs of the Hues 
in the diagram of forces will stand thns:— 


Tanrfnt. 


8(c«nt 

F, c, = •sia.’i.i 

.. O C, 

= 1-0223 

F, H, = -7S355 

OR, 

= 1*2,521 

F, 1), = *4tki30 

OD, 

= 1-1033 

F. E, = 1IU17 

0 E, 

= 1*5557 


The frame is vertically lofuhd with 5000 lbs: how is it distributeil, and what are the parti- 
culars of iU action when the forces balanot* cwch other? 

F, n, + F, E, = 1 -94525 = 5000 Iha. 

1-94525 : 5000 :: 1-0-223 : 2628 Du*, dress along the bar A or BC. 

1*94525 : 5000 I \ 1 *2521 I 3218 Du*, stress along A B or bor a. 

1 - !H525 : 5(K)0 : 1 1 ‘ 1 033 I 2830 lbs. strt-iM along l>ar c. 

1*04.525 : 5000 :: 1*55.57 : 3999 D». stress along d. 

F, B, — F,C, = <J,B, = *75355 - *21255= *541; 1*94525 : 5000 :: *541 ! 1391 Dm. loa*l on 

tho joint B. 

F,C, J. F, D, = C,D, = *67885; 1-945*25 : 5000 :: *67885 : 1745 lbs. h*d on the mint C. 

F,E, - F,D, = *7254; 1 • 94525 : .5000 : : *72.54 : 1804 lbs. lead on the joint D. 

1-94525 : .5000 :: F,E, : 3003 lbs., 

tho vertical weight falling on the support at E, the remainder of the weight, or 5000 — 30*»3 
as 1937 lbs., mu»t fall on tho support at A. The horizontal stresa being reprem»nte*l in tho *lia- 
gram of forces by O F, = 1, we i»avo 1 -94525 : 5000 : : I : 2570 Dm., the horizontal stress of tho 
frame. When the load is properly di«trihute*l, the necessary stays, C E, AC, rcijuire but little 
strength; without stays such a frame, however well balanced, would be unstable. 

A'sumpUt of Jtridife* in tchich the actione of continned force* hate Acen applied tciM more or let* sncce**. 
—Tho McCullum Inflexible Archid Truss Bridge approaches nearer tht* standard of perfection 
than any other wooden bridge's that have fallen under the editoris notice; this fact is easily esta- 
blished by eom{iarisoii and demonstration. 

Fig. 13G9 is what la known as the Burr BrUtge. It is compnae*! of lower and upper chords, nnd 
poats nnd braces. The posts arc framed into the chords, and tho braces are frainiti into (he jiosta. 
Arches are placed on each aide of the trusN. securely fastonoil thert-to. and, extending below Un* 
lower chorcls. abut against the masonry. This form of tnias was extensively used throughout 
Europe and Dio United States previous to the introduction of railrrAds. Many s{ianH were of 
great length, and in rases where the arches were large, and the masonry suflicieutly wrmanent, 
this bridge was comparatively suoceasful. Much dillicolty was, however, cxiKjriem^, by roosou 
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of the «>x»<‘nco of cntintor-bracc*. A moving Imul prodneod a vibratory and undulating motion, 
teiicling to l««onen the conneeiion of the timers, whirh gcnernlly rtutiltod in failure. Many of the 
tir*t milnwl bridges, in Europe and America, were built ujnm thia plan ; but much greater 
ilifliculty was found in adapting 
it to the uao of railroada than hml 
IsH-n previoualy cxperienwHl in 
its Uf** ujx>n common Moda. This 
difflcuUv aroB<« fr*>ro, first, the 
practical imisaatibility of perfwtiy 
combining tiie action of the ar.:4 
and the tnnw (each ayatcm, frf it- 
aelf, being insufficient to carry 
the whole Ion<l) ; ami, second, tho 
al •scnce of counter-brac<*fl. These 
defecU, clearly apj^ttrmt in their 
use on common roads, a'erc greatly 
aggravated under the incniUH'd 
and ermoentratod nature of the 
weight, and the rapid transit of trains on railroads. It is true they were obviated in jiarl by aid- 
ing Urgt ly to the amount of material in the slructuri's; but as the difficulty was inherent in the 
plan, violent contorthms In sha|>ff could not be prevenU'd. and these in time cauwHi failures. Thiwe 
remarks are intenthnl to apply to spans of considemble length, ns exp'rionce has proved that plans 
of even an inferior gra<le may lxi mc-asurably successful in ajians of onlinary length; whereas 
nothing short of the mtwt iislicious distribution of material will ensure permanency in cases where 
long s]tnns art) in<lispeTtHnhle, and any arrangement which can Im) maile permanent in the latter 
ca.-^e must eerlainly prove so in the former. It is worthy of remark here, that this porticular com- 
bination of the arch with the tru.-a is even now, with some, a favourite idcti, but it is believetl that 
its warmest atlvocnlos will !>e generally found among th»»se whose opportunities for practical inves- 
tigations have been limited, and that it is only neccs-wirv that the (piestion ho properly prewmted 
to them, to projliico a change of views in resjMct to it. 'this portiality for the comnination of tho 
arch and tlio truss is attributable (lartly to the fact that the simple truss has in many instances 
failed, and. as a last rt*snrt, the arch has been addnl. of such dimensions and strengtK ns to l>o 
competent to carry the truss and load : the triias serving only as a stiffener to the arch, while the 
latter, thrusting \i(sm tho masonry, has sustainetl the whole weight. Besides, h> the casual 
observer wlio has never studied hriJgo construction, this e«^tuhiuation presents at least aa o/ipoir- 
anre of great strength and solidity, which do not in fact exist. That the simple truss withmit the 
arcli has faihd in some in4nnces Is imuuestionably true; but while many of these failures have 
been cause<l from inattention to, nr ignorance of, tlic laws regulating the composition an<l resolu- 
tion of force*, by far the greater numlM-r have nriwon fn»m the ink^rior qnnlity, or lock of the 
rm|ubiitc anmunt of material, or from inferior workmanship. The acknowledged failure of the 
Burr TruiSy OS opplicrl to railrtiad pur}>oses, Ie<l to the invention of several other plans, all of 
which were basetl iijtijn U»e abandonment of the arch, and were aimed at perfecting a truss, which 
of Umeif would be sufficient to nns>t tho emergencies of the case. This wo* in pursiiance of what 
WHS considered a very reasonable hypothesis, namely, that one system properly proportioned must 
prove much superior to anv metlnsl or arrangement in which the attempt was made to combine 

distinct principles, in tLcir nature heterogeneous. Among the most prominent plans prt'setited 
to remedy existing defects was one invcute<l by KU'phen H. l./>ng. This plan of bridge was com- 
{mimmI of lower and up|>c‘r chonls, poets, and braces, similar in outline and general arrangements 
to the Burr Truss, but differing from it in detail. An efficient system of counter- braces was 
intrrductd ; these were uiade adjustable by wooden wedges, as were also the sustaining braces, 
by means of which any desirable elevation or deflection might bo given to the truas. This plan of 
truss was rigid to a degree not previously attainod ; and to such an extent was this true, that, 
when pro|»erly ndjusbsl, no p<*r«‘ptihh» deflection was proiluced by the iwumage of the load. It 
woa, however! found difficult to keep it in adjustment, in consequence of the great shrinkage of 
the w»*dges and other timlaTs of the truas. 

The bridge from which this example, Figs. 1370 to 1373, of ling’s framing is taken consists 
of seven equal o|»eningH of 180 ft., measuring from centre to c<*ntr»* of the niers. The l»ntlom 
string course is a Iteam built of six planka, each a fo^d in deptli, four of the planks being 5 in. in 
bn-ailtb ; and the two outside planks each 4 in. B'hon put b^gether thcM^ plunks form a beant 
12 in. in depth and 28 in. in breadth. The planks are bolted together by screw bolts, placid 
alsmt 2 ft. apart and alternately near the top and bottom of the l>eam, as sliown in the vertical 
s««ction. Fig. 1372. Short wedges of w«ic>*! are let inb> tho l*otb»m string to the depth of alK)Ut 
1 in., and into the si<les of these wedges arc mortise*! the ends of the diagonal braces. Fig. 1371. 
Thf-s(‘ diagonal braces abut against similar wedges which are let into the top string beam. The 
top string cvuiidsts of thr«‘c lines of 8 In. square timl>cr, placid with a small space b<dwecn <«ch. an as 
to make the whole breadth of tho Ihwiu 28 in., the siitiie as that of tlie h>wer rtring. The pieces 
oom]Mwing this beam are lx)Ue<l blether at intervals of 7 ft. All the braces arc 8 in. aquaro. and 
the ouml^r of braces aVmtting on each block, both at tho b>p and botbuii string coiirw**, is always 
thni, arrange<l two on one side and one on tlie oth(>r. Along the ton string Itenm are fixed short 
cro«M pitsHw, 5 in. by 7 in., one alove each of the abtitting wr-*lgo«. Tln’wc cross ph-c*** receive the 
tops of the vortical ties, which i>ass entirely through the framing from top to bottom, and are 
sicured alwive the top string ami Inflow the liotb>m one by scrcw-ltoUs ami nuts. Similar croas 
piece# l>elow the lower string receive the extremities of tJic vertical ties. IVo of these vertical 
tie# pass through each of the abutting Wfdges, so that for the two sidia of the bridge there are 
four vertical ties in tach UngtJi of 7 ft. Tho frames are connected at the bq> by croos beams and 


1870 


13 «». 



Digitized by Google 



BRIDGE. 


G73 


tho lat^ml stifTnosH of tbo bridge u furtlujr increaiwxl by wrou"ht-ifon tios ftt onoh of the piorn, 
tios U'ln^ nuri>*il into the martoury at xomo doptli Udnw the plntfonii of the ma^iway. Tho 
longitudinnl Hh«'|M!rri for tho railway, which has onl^ a Hin;(lo track over thiN brid^, ore laid upon 
tmiiHVorao lieams, which nid uiwm tho t>ottoni titrm^ pii!(»*a and aro placed one on each aide of 
ooeh of tho abutting wi»d;^;.4 throughout the whole length of tho bridge. The platform la further 
atruiigthcuod by diagonal horlKontai boauiA framed betwt'eu tho bottom atriiigis 1373. 



13T9. 



The inTcntion of what ia known aa the /fow Bridtje followed. In this, a« in Col. Long’s bridge, 
the idea of cmnbiuiug the arch with the tnnw waa onf/tno//y abandone^l for reasons heretofore given, 
and it ans Ixdieved that this simple form of truss w'ould prove equal to any reasonable ret|uir 0 - 
raout. In the //oice Brulgt>^ the |Kists umsl in the Durr and l4ong oridges art? dispensetl with, and 
iron rods sulwititutefl, by means of which any desirable c*nnhfr may bo given to the tru»«. thus 
overcoming the practical difficulty pn*vionsly experienced in the mijudment of Col. Long's bridge, 
by tho use of wfxxlen wedges. This method of producing aimher w certuinly an improvement u|sm 
the adopted in the I^ong Dridgc for that purpose, but is much inferior to the IntkT in its 

method of counter-bracing, in that they are not adjustable, and ixirform a negatite rather than a 
pewifiee duty. 

2 X 
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Tho Improved Hiirr Trusa. intr»*dticod hy Thomas Klecle. is shown in elevation, Fisr. 1374; 
Fip. 137."> is jmrt of tho iiIbii of tho Kome; nnJ Fijis. 137l5, 1377, tho dotnil to a larger jm'hIo of the 
tonaioD'postis brwojs Hiul countor-bmccB, upjicr and lower ehordSf and their iron fastenings. 

1374. 



In thU method of combining an arch witli a tnissf<d 
frame tho arches arc connectod with tho tension^postts 
and the l^ts with tho chonls by screw fastoninpt, as 
MH>n in rigS' 1H76, 1377; ami all is so arranged as to 
admit of changing the position of the arches relatively 
to the chords, or of drawing togi.dher the choitls wilimut 
changing the position of the archea, and thus regulating 
ami distributing the strain over the difTorent imrlii of the 
bridge at pleasure. This adjustment must take place once 
or ta-’ice in each yiwr until the limU’r bt«conics iterfcotly 
stsisitu *! ; after whicJi, in a well*oonstructod bridge, but 
little attention will U' rotiuircd. IMatcs of iron sliould 
in all cases l>e intrcslnced between tho abutting surfaces 
of the top chords and arches, and all |iossible care taken 
to prevent two pieces of timber from coming in contact, 
by which decay is hustened. Care shotild also bt‘ taken 
to olitain the cim e of tho paraboU for tlic archea, aa it U 
H curve of (siuilihrinin ana of grcoloHt strength. 

The (wmisila is the curve of ei{uilibrium when no load is upon the l>ridgo, and also when the 
load is Uitifomi ; hut there can l<c no curve of oquilihrium for the variable load of a imssing train. 
Stiffness can Ik? swure*! in this case only hy an cfllcient system of eounler-hracing. The Improv^nl 
Burr Truss, of Steele, Fig. 1374, prcsc'iits wi ciatuple of one of the systems to produci* tho rctiuirtnl 
htiflhcM. 

Bridges eonstmeted on this plan will Ik? found to |>osse9.s an tmnsual amount of strength for 
the (jiiantity t>f material containe<l in them, and, if well built and pr»‘t»'<’lc<l, great dumbilitv. 

1 he following are tho pnintn U* l>o atU«nde<l to in ertsding one of those bridges, as given by the 
inventor in Huupt’s Treatise on Bridges: — The truss must first be mis<xl. provided with snit- 
ahle cast-iron skew-backs to receive tlie braces and U'lisimi-^irtsts; and the several parts of tin? 
clmnls should bo counectetl with cast-iron gilw. ^Vr■dglng under tho counter-hmees must lie 
avoided hy extending tlie distauoo l)ctwcvn Uh- top skew-backs sufllcicntly to liring tho t<*nsiou- 
jMHits on tho radii of the curve of camlicr of the bridge. Tiie tension-posts mu^t Ik? aliout 8 in. 
siiorU-r than the <Ustance l>etween the chords; and in screwing up the tniss care must bo taken 
not b> bring their ends in contact with the clmrds: but they must ^sjuidistant, and n1»ut 4 in. 
from tliein. When tho truss is thus flnishe<l it must lie thnvwn on its final bearings: and it is 
th«*n nvwly to receive the arches which shfuibl be constructed on the curve of the pnralsila, with 
the onlinatc-s so calciilatec) as to l>c measured along the ci?ntni1 line of tho bmsiou-jiosta. They 
mn>t lio firmly fastened to the ]msts ntid Isittom chonls hy menn.s of strong scrow-lsilts and con- 
ni-rtiiig-plates, ns sliown at <l<f, and Bhouhl abut on the masonry »'jue tlislance l»olow the truss, 
wliich cun la? tff*«rtctl with safety, as the nttaehmont the |k*sIs arid chords will relieve the 
inni-itnry of im>ch of their horizontal tbru.st. When a briilge thus eonstrucbsl is put into usf-, it 
will lie lotmd that, as the timlicr liecomcs seasoni il. tlie weight will U‘ grmlually thniwn upai the 
arclics, which will nUiroately l«ear an undue |mrtinn of the loiul. To avoid this, lh«* camlx'r must 
lie n'stored and the posts moved up, so as again to divide the strain lietwecn the truss niid tho 
archta. 
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Th© Ifwt Bridtje is romposM of lnw(»r and ap|>cr chords, brtccs, and countor-braccs, vertical 
rods, and oastdron fi^ariruf-fJocks. The braces abut un tho which {muw throiij^h the 

' chonls in such a manner as tn {M'rmit the rcHls to U^ar diri^ctly iifion them. S|mns of cunsidcrablo 

length won) built u|inn this plan, hut oxporifiicc pmved that even this truss — like all others — had 
its limit. lK>yond which it could not l*c safely cxtcndc<l. 

In the j>ro^reaa of railroad enterprises, in order to save large expcnditiircH of money for 
masonry, longer s]ianH than hatl lM*cn provkmwly usc<I became destmblc, and in certain locntioua 
absolutely indisiH'UHnble: besides this, lf)comntivcs were Inrgelv increased in weight, to meet tho 
dematidri of tramc, and furnisli a more economical moile of working; and thus arr>se the necessity 
for the adoption of some other expedient U* meet the increased rei|uirementa of hridges. As all 
had lHH‘n done by way of improving this truss that mechanical skill emdd devise, and which an 
extensive practice ha«l arof>ly atfonle<l, it lieenine evident that some ratlicat change must l»e ma<le 
in its arrangement, to <>nahfe it to meet the cxig<*ncics of the case. In this €>mcrgcncy the ^ircA, 
heretofore condemned in the Burr Tnun, was again resorted to; for it had been provi-*!. from tho 
ex|terieneo which its use in that truss had nfTordtxl, that an arch of sufficient size, abutting against 
permanent mosrmry, would place the truss In a position of secomlary imiK>rtance. 

It will bo observed that the arch of tho Burr Bridge, Fig. abuts U|ion tho masonry in 
precisely tho same manner as the arch of what is denominated the Improved Hotee Iruss, Fig. 1378, 
and tho dilTerenoo Indween the two 
efinsists simply in tho mode of con> 
ncctioii with tho truss, and not in 
any change of principle or method of 
action. 

It will be seen that the Burr Arch 
is Bocuredy fast<‘nod to the posts and 
braces of the truss, forming a solid 
adjustable mass. In Fig. 1378 tho 
arches are not fastened to tlie braces 
or rrsls, but have an indc}»endont con* 
ncctioo wiUi the lower chord of tho 
truss, by means of rods radiating from 
the former to the latter. By this method it was supposed tliat any desirable adjustment could 
U) eflected, and that the strain could be put upon either system, or equally upon each. 

This new arrangement, although plausible in theory, is found impossible in practice, for tho 
following reasons: — 

1st. The rods from tho arch to the lower chord are of vorioos lengths, consequently the 
contractions and expansions must vary proportionat4*Iy. 

' 2nd. Xot n single rod in the arch is of the same length as those in tho truss, hence the 

expansion and contraction of tho rods in tho truss will vary from that in each, and all tho rods 
1 connecting the arch with the lower clmrd. 

3rd. This combination is exceedingly liable tn maltreatment from the careless or ignorant. 

4th. Ad< 1 even if it were everything in practice that is claimed for it in theory (which is not 
the fact), it involves a constant expemliture for adjustment, which must continue during tho 
existence of the bridge itself. 

Tho Burr Truaa, Fig. 1369. with all its defects, con fte m'uie fuperior hy far to the Improved Hove 
Trusty Fig. 1378. For, in tho former, there may sometimes l>ft a yielding and compresHion lietween 
the parts of the truss and those of the arch, producing a certain degree of united action ; while in 
the Ilowe Truss everything depends upon the length of the rods, which must alw'ays change with 
the terai>crature, and thus render an approach even to porfc’ct adjustment a matter of extreme 
delicacy. But, in either Fig. 13t>9 or Fig. 1378, it is clearly evident tliat, in oitler to have a structure 
absolutely safe, the arch and the truss— eacli of itself, independently of tho other— should bo of 
sufficient strength to sustain the whole load, that the strain may he borne altomat4dy by each 
seiAraU^ systftm. 

Fig. 1379 shows an elevation of a bridge erectetl upon Howe’s plan over fihennan’s Creek, on 


1378 . 




the Pennsylvania Central Railroad. Fig. 1380 is a plan, and Fig. 1381 a vertical section. Tho 
bridge has two spans, each 148 ft. 3 in. from ond to end of tlm bow, or 164 ft. G in. from the 

2x2 
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wiitre of tho pier to tljo orul of tho truss. The pier is 3 ft. 2 in. wi<le at top nn<l 6 ft. at the 
bktiw-backs. ilic truss U formed of three tovta of top aud bottom cliords, and two seta of j>o«tN 




and brace*. It iacotinter*braoed by rods of 1 in. iron lietween the braces. 

The panels incroaso in width from the end towards the middle of tho 
span. The first panels arc 9 ft. 1^ iu. from cotilre to centre of iKists, 
and the midille ones 12 ft. 1| in. 

In order to simplify and make clear the real jioints of difierence 
existing iu the combinations r»f the various plana of tnisses of tlio name 
pmeml outline, it may l>e stnUsl that the material com|*o4iiti);«m^ f>ri-lic 

whether of wotkI <»r ir«)U, or of Ixith, is subjected either to or fAnt.*/, and it is upon 

the pro|»er application of tbes»e elements b»fp'tlier with a judicious distribution of tho material, 
rather than U|>ou any difTm nre iu detail that the j>erfoclion of any bridge structure de|>en(b); 
this may l>e illustrated by reference t(» Figs. KW2 to 1385. 

Fig.' is the truss of the Durr Bridge ; in this tho upper chord and bracos are acted upon 
by thrust, ami tlie lower chonl and jsiKts by tension. 

Fig. 1383 is the Howo Truss, without tho couuter>braces : in this also the nppi'r chord ami 
braces are 8ubjecte<l to thrust, and the lower chord and vertical rods are aetixl U{>on by tension. 

Fig. 1384 is a plan of truss sometimes uso«l, the e*>uiiter-itKls Isdng nmittiHl ; in this the upper 
chonl and Vi'rtioal struts are subjected to thrusts, and the lower chonU and diagonal rods are 
ackd U|sin by tension. 



l'|x>n a com|mri.“jon of these plans it will be discoverrsl that the variations betwet-n tho Burr 
Truss, Fig. K182, and the Howe Tnis.s, Fig. 1383, wmsist in the u.se of vertical rods and l>eoring- 
blocks iu the latter, instead of vortical jiosls in tho ft»rmer. Isdh having precisely tho same duly 
to |ierf<>rm. It will aim br> sei<u that Fig. 1384 varii's from Fig. 1383, in that the rorls are placnl 
diagmmlly instead of vertically, clianging the clemont of thrust friim tho tliagonal braces in the 
latter to the vertical struts in the former, and transferring the element of tension from the vertical 
to the diagonal line. 

Much importance is mmetimes attached to just such modifications in detail as exist in 
Figs. 1382 V* 1384, trAiVc Me na/nrc ami m/ciwi'fv Me drstrot/ituj j'orers are the $an^ and equal in 
cucA. This has been proved by actual experiment, by the celebrated engineer and brid^-buildor. 
P. C. Mct’ailum, aa follows: — Models were built, one on each jilan, of equal length and height of 
trusses. Containing the same sectinnal area and kind of material in chords and hmci>s, and of e<{ual 
perfection in details and workmanship, when it was found tliat the nvil difference in strength was 
unapjirecinble : and it mav 1)0 well to add. that any given amount placed u|ion each, in pn»gresa of 
the exjteriments. presented precisely tlie same characteristics and conUirtioits in shape, until final 
failure took place. .\H bridges having their chonls ttAralle), irrcsp«s*livcM>f the particular loetlusl 
ado]>ted iu cimibining them, aud regHidlcss of the amount of umterial used in their oou.stnictiou. 
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when Inadetl to nearly the point of frartiirc. proaent somewlmt tlie «ame appeamnee^ the prcatc«t 
ileflectlon heimf lawmitWy at |K>iiit» near the alrntmeiita. Tbi» will be uiulrmpKxi I»y the xtatement. 
that t))o vertical atmin u ineri>ai*e<l, a» the iH.itance from the centre, t<> the emlN of the truMM ; at 
the centrt! the vertical Ktrain U iKithing, ami at etu:b cud of the truaa it ia u^ual to ouMialf tlie 
weight of the titructure and ita load. 

In point of (ttreiurth, the arrauifemeul», Figs. 1382 to 138t, arc not aui>erior to the aii»{>]o 
combination, Fig. 13S5. 

All hridi^cfl having their chorda pamllel exhibit the same uniformity of action, and nmy l*o 
lUu.stmtfMl by reference to Fig. IHtW*, in which A A is the up^jer chord; lilt, the lower chord; 
C C. t<'««ii*n-rods ; 1) D, hracen. 

When a sufficient weight is nppHetl to any tniM.s of this outline, to cause defl«>ctinn bedow tho 
straight line, the upjier emis of the braces, D U, are nuule to approach each other, and the distance 
Ijetwecn the ends is diminUhM ; and as the dcHection iiim>HHes, the tipiter ends of the i>rac(*s, 1)1), 
will describe un*s, n (*, of a circle the radius of which lieing the length of the brana, 

I>D. But when the unix‘r chord is arclieil, as in Fig. 1387, a sufficient weight will cause the 
braces, I> I), to de»criU) an arc reprc'scuhnl by cd. Fig. 13H7. When the chord, cc, 

liocomea straight, the arc will then l>c doscrilM«d downwards, as shown in Fig. FtSd. As an 
illustration of the Mct.'nllum fn/tfxibU ArcArd JVn.m, see Fig. 1388, in which A A is the lower 
chord; B B, the upjtc^r chord ; C C, tension-rods; L>1), braces; KK, struts; and W, weight. 

1347. ,,-i 


13SS. 1389. 



Ui»on an inspection of this figure, it will bo seen that any deflection pr»*luc»>d upon tho centro 
of the arclu by means of the weight W, will cause the points B B to separate, by thrusting 
outviird, and in the direction of the ends of the trusH, producing an ujHmrtl movement of tho 
up|M‘r chord, at the ends of the braces 1) P, the latter describing arcs of a circle upntrd, ami frrun 
thence will be communicnte<i, by means of the tension-rods C t-, to the centre of the lower chorti, 
raising the latter at the isdnt where the r<Kla, CC, meet. By removing tho weight W, and 
inserting a vertical stmt at*F. the upwanl movement of th« chonls wUl be arrcRttJ by tho 
weight W. This peculiar action may bo described as hdlows : — 

Any deflecti«m pitxhiced in the centre of the arch will cause an and, eonsfs^ncntly, an 

HjnMni force at tlie upper ends of the braces, which, by means of the tensinn-rrsU and strut, is 
transferr«>«l directly back to the under*sideof the arch, pro<lucing an upxtard force at the hitter 
I»oint, equal to the original <h>rntrard force applied on top of Uie same. This coiuhiiiation of 
forces is in agreement with a well-known law, namely, when two forces of equal powers of ri'sistanco 
are opjkoscd to each other, a state of rest is prrHluccd. 

F«»r a further illuNimtion of the action of this truss, aeo Fig. BtHD, in which A A arc pieoea of 
the lower chorti, the centre U-ing removed ; B B, upfsT chonl, defieeUd by the weight W. C C 
are braces which |sikk tlinmgli the lower chofd and rest u{sin the masonry. T) I) are tension-rods. 
It will be seen that tho ends of the pieces of the lower chord at E £ are raised considerably above 
u horixontal line. Tliis upwanl tendency will continue 
until the upper chorti l«twts-u B B is tldlccUd below 
a straight Hue, when Uie action will be reverstd. 

Fig. 1.130 exhibits the forces at a stah> of rest, in 
which A are {M>rtionsof the lower clionl ; BB, upper 
chorti; C C. areh-hraces, wliich jaue through the lower 
chord, anil rest in the masonry; 1) 1). Umsion-rods ; 

E E, braces ; V»\ weight. It will be «et*n that the strain 
prtductsl by the weight W is traiisferretl to the lower 
chord by means of thrust u{M>n the bracea K K, to iht^ 

|toints F F. and, by means of tensitm on the rotls D I), 
to the points B B. and from thenoo it is bmuglit uptm 
the arcn-bracea C C, which rest tq>on tho masonry. In this manner a |)crfect equilibrium of forces 
is effwtetl, os it is evitlent that the poiiitO cannot change position, unleas the iH.iints B U are tliru^it 
ouhnird towards tho ends of the trui<s, which must raise these iioinU, this U*iug p^‘ventc<l by ttm 
strain upfm the points F F, conimiinicate<l by tho weight W, through the braces K E. 

For a fijll plan of McOllum’s Inflexible Arched Truss the nratler is referred to Figs. 1391 to 
1393. V(M>n inspccliuu, it will be observed tliat the Bustaiiiing principle is very much increased 
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towftM the cndii of the tnu«, not only by the luMition to the amount of materia) at thew point?, but 
it will be seen altio that Uio ]iaiiel.’4 la-vomo aitortor <uf the vertical dtmiu inrn'oafw. Tbo |x^ta aro 
placet! u|»on liiu*!i rtuliatin^: with the arch : the bmei« ft»nM c<|uai auRlca with the |xwt»; an>l in 
thia way the Intt r are luatlo to apjimnch more nearly toKelhcr tt>wnrt] tlio cruls of the trusw. 'I'ho 
atudent linx aln'tuly had tuiflicieut urideiice of the xtren^^h of thix form of truiM, am! it haa 
alho been ahnwii that the tcnailc xtruin upon tlm lower chord ix mucli teiw than in any tdber know n 
plan. In f»ict, the latter may l»e ciifmVy *crc/r«/, am! tho ntructuro will Mtill bu'oompi'teut to 
xuxtain a heavy load. In thia, it difl*er9< from all other cimihiriationx. 

In Kig. 131»4, U is tho upper chord; 8, btraiuiug beam; A, arch-brartj; M, main-kmcc; 
C, couTiter-brace. 

I'lKin referring to Fig. intil, which repreaent.-? a clear i]«ui of IW) feet, it will ho »rcn that tho 
arch-bmeefl which n'»t U|«m the abutments are extenticM) to poinU on the arch aU>ut 47 ft. frtnn 
tho abutments. Fmm the bjp of each set of arch-braoea, running diagonally on t>ach able of tho 
trims art» plarx-tl htMivy siu{K'nsion>ro<ls which are connivU'd with the lower* chnrrLj 12 ft. further 
from the maoonry. Thiix tho bridge M>At in nulintantially tranxfemxl to a }H>int 47 ft. towurdn tho 
centre of tho bridge, nxiuclng » ajiaii of ISO to bO ft., xo far tw the tenaite $tnun npm tho lower 
chord ix concerned. For Uiix intcmimUato xjMce of 8d ft., tho arch-)>cnm U of xutlloiont xtrongth 
to HUxtaiu the whole toml, if retpuitnl. however, !x not all that ix requilt'd, for a miinxui 

bridge cnpcvittlly, xubji-ct ax it ix to a MKfrmv load ; there muxt alxo ho and fnitloui 

from vibration. A iiridge ni^jy lie xtrong yet flexible, rigid yet weak : in fact, flexibility ix incoiu* 
jiatible witli durability ; the xtnioture xliould lie prepared at all ttmiw to n«(‘ive itx Ioa<l, and xhotild 
not 1)0 ivnnitUH] U* change xhape in tho xlighU'xt degrw hy itx |«ujj»ge over it. To pitHliico tUix 
rexult, an eflbctivc ayxtciu of oountcr-bracex ix indixpenxahle. 

The propi>r oillco of couiitcr>bmi*cx ix frmpientiy rnixunderxtood, ax is evident from the manner 
of their appiioition in many eaxex in which tln*y are uxed ax cAcr Mm»vj only, having a n^j-Uttc 
mlln r than n fxaitict action : thix mny l»« reotlily ahown. When tho IoimI ix aj*pliod, the triinx ix 
deflectixl in oonaoipieiice of the yieldhig of the bnteex; this liax the effiMTi of xWtcnmv tho 
diagonalx In the dirivtion of tlieir length, whilo tho diagonaU in the direction of the coimtor* 
braces arc correspondingly /ra /tAcnn/; this will b are a xjtoco ))Ctw(xm the omix of the latter, and 
the 6<viria)/J»/or4 m tlic lower chord. When the truss ix in this condition, if wedges aro inserted 
Ix'tween the cuds of tho eouuter-bmcex and the lower chonl, in such a manner ax to flU up tho 
whole xpoc*’, it ix evident that the weight mny bo removini without at all afli'cting the tiha|)e of 
the truss, the deflection originally prwlueed by the weight 1>cing maintained by the counU*r-bmcox, 
the strain upon tbo xiistaiiiiug braces and other purtiuiix of tho truxx reiuainiug precisely the xumo 
ax when the weight wax xuspeudisl. 

Now Hup|wim^ the original weight to have )>een 200 tons, it ix evident that, as soon ax it ix 
removwl, each oonnter-brac»! will l»e subjt'cU’d b) an upwnnl Ihnixt, <*aHily found from itx position ; 
the sum of all the thruxtx making 200 tons. Now let there be a xmaller load appiu'd. this load 
will not produiro auv additional xtniiu U|Mtu any {Kirtion of the truxx, nor will the deflivtion bo 
incn'AMxl in the xliglitext dt'gn**); the only effect produced by xuxpending tin* latUtr weight will 
be the relief of tho counter-bmecx, c»pwl to the differonw U)tw«*n the first aiicl second weighU. 

'rho inventor has found it very difficult to explain thix clearly in the course of conversation 
with xoiiui individuals, frrim the fiud tlxnt trciyht and stniin wen* confouiubxl. Now it is true, when 
the original weight wax applietl of 200 tons, the abntmentx were loaditl with just 200 Umx mon» 
than previously, ami the triw.H wax alxo bw^liHl with 10 tons more: but when the wedges were 
driven, and tho weight removul, while the abntmentx were relieved of 200 tons prei^ure, the tnisx 
still retainiHl the original strain prtHluccd, the weight Laiing retpiired to pnx/ucc tAe rira/n. the 
latter remaining after the former has been removed. 

In order to make a prectical application of the al*ovc. the following mcthcxl of adjusting the 
fnHfxihk Archeti Trim lx xubmitted. When these bridges arc raixcxl, it is usual to bxul them with 
a train of locomotive enginea. attached closely to each other, and that gr»«t**r weight may 1»« 
obtained, the tenders aro xometinu*x di.tnchi'd. and tho bridge oovcn*d with engines only: with 
this load, the lalbr ix strained down to a iM*rfi‘Ct iH'armgiu all itx |mrtx; by thix means the whole 
xtnicture is more or b'xx delbvted, wliilo the wmuter-braccs are hanging loosely in their places ; 
if, thendnro, when the briilge Is in this condition with itx load, the counter-bran's could 
lengthened with couxiderable fom;, it would not n^cover its original sha|)c uixm removal of the 
ioAii, but wnuld be held dowu by the action of the counter-brm^'x to verv nearly tho xamo position 
ax when loe<led. In thix plan of bridge, the lower ends of the nmuter-branjs rest in r>»xi xbrrw/»#, 
which are attnehed to the vertical tics or jM>tx at a point near tho lower chord by means of 
castings and mitx, by which they may 1 h> lengthened several inches; in tide maimer they are 
made to |x)rfnrm a p^iYirc duty. When the bridge ix adju.«t<tl ax al»ovc. it U clear that a fesx loud 
tliau that originally opplitnl cannot pnKlttce any defli'ctiun whatever: tlie only effect of the 
}Mu<sAge of a train over it will be to relieve the counter-bract*, and will jh )1 otld a {jound preswuro 
upon any timlx'r of the trusn'X. 

In tin* arrangement of any bridge tni.««« the attainment of the following requisites is desirable:— 

1st. Such equilibrium of forct* as will ]>roduce uuifonnity of action. 

2mi. 8uch quantity an«l dixtribution of material ax will enxiu’o a Utryt avrjtlHa of sustaining 
principle, therthy the ainii turc tviitimt accid^t. 

3nl. Perf^'i riyidity^ that the crimbiimtiou in all itx j)nrtx mny linve permanency eq^hd to the 
Jurri6i/i/y of the muteriat CiMUfxain) t/n- same, 

4th. The arrangement of the jwirU should U* such ax to U* free, if j»osMible, from the ruxcmty 
of Qdjiuttmxni. 

The McCallnm ArvhM TVwx.? meets all these ivquiix'inents. 

/W)/cm. — l>ct it lx? wv|uirixl to find the ixjiml weights w, «■, Fig. KRKl. kept in a state of rest 
by a single weight, W, which has caused the arc 7 C « to oxxuuie the chord /* U 6, tin* rigidity of 


Digitized by Google 



680 


BRIDGE. 


the lire Ixting noi»loptod. Let R = the radium of the are 9 C <i, and put 2 c = its lenjrth ; then tho 
chord 7 a and veruine C D are rewdily calruIaUMl. Ix.’t tho ebonl 70=2 d, and C 1> = 2 c. 
f s A q = A/> = BasBfr and 7 = lin = Um = As=Ar. Abo let A B = 2 4 

2A'-2d , , h — a . 13M. 

= A — d, — - = ctig. e. putting B for the 

2 / ’ * O ~f ||^ 

angle a B n = 7 A «. 

= h-c, 2*-2c = AB-p». I J 

Putting ^ for the anglo 6 B n = p A 1 , -— 7 “ = eos- <P- ' ,ii. '' 

J — * \ A i M! ; 'O' ( W ‘ B / — 

^ 0 = angle aBA = MBm = #Ar. ‘ ^ '■-> fi r 

mn St g sin. (<^ — 6). 

r W 

Then, according to the principle of work, 27 sin. (a — 9) tc = 2c W. /. w = — ^ — • 

^ ^ * 1 ;f NT- g gjjj (0 — 9 ) 

Let A B = 2 A = 188 ft. ; the length of the arc 7 C <i = tho straight line D 6 = 2 C = 13(i ft. ; 
U = 2(X> ft. ; »w B s -7 = 60 ft. ; 6 B s / = 50 ft. 

It will be found that the arc 7 C a before Inung disturbo<l contains 3S’’ 57' 40" ; tho veraine of 
this arc = 1T440 ft. = 2 c; the cliord = 133 30570 ft. = 2d. 

^-^ = •5460424 = 00 a. 5tT54' 15"; (9). =*5200000 = 00 a. 5r 40' 4”; ( 0 ). 

0 - 9 = r 45' 49". 

- 5 • 7245 

/. — — = — — ; — ■ ^ - 3-100092. .*. » = more than 3 times W. 

7 sin. ( 0 - 9 ) CO sin. (1=45' 49'^ 

ConscnncntlVy the weight W before reducing tho arc 7 C a to the straight lino pl>b must raise 
more tiian six times its own weight if posite<l at t and n. 

/V»cn;rfiVm 0 / an Iron Bridtje, in which the Forces are well comAincd to «jcct the demands of ItaiUrtty 
Tntffk , — The bridge we now projKise to describe is one Wlongiug to a system of bridged-building 
intirsluced by Wende! Bulliimn ; it was erected at IInr|>c*r’s Ferry, I'.S., the practical working of 
wbioh was carefully ob>^>rvml by the t‘<li(or of the prt!i-<>nt work. This inm hUs|H!Usion tnisse*! 
bridge was 124 ft. ijetwcen tho abutments. The length of the cast iron in the stretcher was 128 ft. 
The weight of the cast iron, 05,137 Ihs.; weight of wrought irtm, 3^1,527 lbs.; making tho total 
Weight of <nst and wrought iroji, 08,004 lbs. 

Fig. 1'198 is an elevation of |iartof tho side, showing one pier and )>artof thecast-iron stretcher. 
The cap is removed fnuu the pier show hnw the nxls are secured. 

Fig. 1397 is an elevation of both piors and of the eight {mueU of which the bridge is comiK^nl. 
'The system of arranging tho braces and roiinei'ting>mds is exhibiteil in this figure. 

Fig. 1401 is a cr<^iH«tion, showing tho floor-bracing and the imsition of iho rails. Fig. 1401 
also shows, in section, the roof and {Husts. 

Fig. 1400 shows a plan of the fleoring of the bridge, the {)ositions of the rails, anti llor>r-bm<*ing. 
Fig. 1399 shows two poets, tMirt of the stretcher, an<l the diagonal rods in one of the |)onels. 
The wrought iron requires little workmanship, the rods from the centre to abutments having 
but an eye at one and a screw at the other end ; witli a weld or two between, according to length. 
The long counter-rods have two knuckles and one swivel for adjustment of strain, and couvenieneo 
in welding, ns well as in raising the whole. 


The cast-iron stretcher is octtt^nal without, circular within, and averages 1 in, of metal. It 
is cast in lengths according to the length of |ianel, an<i jointed in the simplest nmnuer,— at ono 
cud of («ch length U a tenon, at the other a socket. The lutUr is bored out, and the tenon and 
its slioulder tumwl <itT in a lathe h> fit the socket ; thus, when thoroughly joined, to form one con- 
tinuous pi]ie betw»'n abutments. The ends of the sections of cylindcra, insertetl into Uomc 
contiguous, arc slightly rounded, to allow* a small nngulnr movement without risk of joint fracture. 
A cast-irr>n plate or washer sets on a bmcktd cost with («ch abutment end of stretcher, and at 
right angles to the ctmire acting-riHU. The tension-lmrs are i^sed tlirough this wiisher to ruceivo 
a screw-nut for the crt'ction and adjustment of the system. The stretcher or straining Unm, the 
vertical posts, and sus|ieTisiou-t)ans com|Kmo the esK-ntial features of the bridge ; each jKud Iwiiig 
hung by two imrs from both ends of the stn-tcher inde}K‘n<lently of all tho others ; and eacJi fKwt 
and jioir of tension-ltars forming with the stretcher a separate truss. This system, i>erfe<*t iu 
itM'ir, is udditionally cfumectefl by diagonal nxU in iwch {lunel; also by light hollow castings, 
acting os struts. Tlie diagonal side ixkIj might l>e safely dis])i>nwsi witlj; for the |>eculiar merit 
of the truss is its fterfect inde|»endenro of such provision. They are thereby used as a safeguard 
only in case of the fmoturo of any of the princi|sU sus{)ensi(iD-nHU. 

By this crmtbinatiou of i*ast and wrought iron, the former is in a state of compressi(»ii. the latter 
in that of U’nsion ; the pro|)cr oomlition of the two metals. It unites the principles of the Sus|teusion 
and of the 'rriiss bridg^w. Each l»ar performs its own |Mirt in sup)M>rting the luul in pro]M>rtiun to its 
distance from the abutment ; so tliat the entire M>rU*s of husjm udiiig-rods transmits tho same tension 
to ilic points of supjiurt as would be iH|ually transmitted fmm thenc<} to the centre of tlie bridge. 

This bridge, it will be seen, is eom|>oscd of st‘ven iiule|Huident truaseis wbioh transfer the 
weight omcentrated on each flisir beam directly to the abntmi-nts, without aid fittin any other 
wnncction ; and not from panel to {«nel, as in general use. Hie strain on cast and wrought mm 
is wholly in direct line : and the result, the least quantity of metal is required to carry a given 
weight. The weight of bridge and load has a vertical pressure on Iho piera, tower*, Ac., tlu» <mly 
horizontal thrust Wing fivrin the exiiansion of iron, which maybeaoconmtodate<! by roUeiw, sliding 
on an abutment bracket placed over the ]>cdcstal, or by other lueaus: the nece*»ary tluncmuons of 
masfmry tliereforo bccc*mc moderate. 
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It b oviilcnt, from nn inspoclion of the cuts, thnt no chord is requisite at the bottom of tl»e 
truss to resist tension ; the only advantajse of thnt cmploytsl is to refruiate the nioTemunt imKlucts) 
by eximnsioi), in the |>orfortnau(x» of which a^ncy the resistance is one to compression. Alth<»U);h 
the amitment'bracket casting amt its |icd>^tal were so coiiMtruet4M) os to admit of m'comimnlation 
to ex{whsioii, by rollers, yet such contrivanco was omitted with the view of fully testing the eflect 
of greatest exjsinsion tliroii};hout the system. 

This bridge was ini>|>ocU'd by tlie wriU‘r, ten months after it was erected at IlarjxT’s Ferry ; 
during which time it had bwm ex|«ose<l to extremes of cold and heat, nnd to an average run of 
twenty trains daily. From the closest ins^wetion, we find that the extreme ex(siusion measuit^M, 
as near as possible, -fg in. on i«ch htwor, or | in. in the entire length, 128 ft. of stretcher ; and without 
the slightest pcrcentiblo derangement of masonry : the dimensions of which are I ft. m^uare of base, 
12 ft. high, and 2 ft. 9 in. at top. 

M’hile on the subject of expansion, it may be well to notice the efii>ct from differcnco in 
expauMion of the rods. At tho Hrst point of suspension, nr whero the longest and shortest ro<ls 
meet, the counter-rod U atjout four and a half times longer than the aetiug-nMl ; and tho ex)Mnsiou 
of tho counter is four nnd a iialf times that of tho actlng-riMl. Ilut there is also a pmpirtionate 
difference in tho lengths of stretcher from the point diroctlr over the centre of conueidiou to tho 
extremities of these rods. This has liccn practically nroveil in this hridgi\ The susfs'nder lx>lt, 
when the ex|innsion is extreme or 3 in. in length of stretcher, exhibits a motive difforeuce of 
in. towanl the short or acting rcHl; wliicli dilTercnce is j»rovided for, ns seen by slot, dotteil in 
elqvation, where the vortical sus}>cndcr bolt moves to accommodate any such differeuci\ and to 
give that proportion of weight to each rod acconling to tho angle. It affords easy access for 
rc}iairs ; for instance, shouhl a new floor l>eem be requiriNl, it is but needl'd to slHcken tho liori»mtal 
pid and the keys in longitudinal stmt, n>muve the washer under point of susm-nsion. ami let down 
the Im^i to 1)0 replaced : which can lx? done without trestling up any |)art of tho bridge. In case 
of fire, the floor may bo entirely con.><uine<l without any Injury to the side truss. 

Tho jicniianent principle iu bridge-building, sustaim^l tlmmghuut this noslo of structure, nnd 
in which there is such gain in conqielition with every other, namely, the direct transfer of weight 
to the abutments, renders the calculation simple, the ex]>enso certain, and facilitaUw the erection 
of secure, economical, and duiahle stmrlures, • 

/ttiaih. — Kivistauce of cast-iron stretcher O H to compression, 177, /in lljs., or 4030 llw. tlie 
sq. in. Half weight of bridge and load : weight nf iron, 21,000 llns. ; weight of wood, 15,000 lbs. ; 
weight of load, lbl,U00 lbs.; momeutum, 25,000 lbs, = 248,000 lbs.. 


Si>« q/ a din /-rods. 

No. 1 section of iron 2 40 = 2 bars H x i I No. 3 section of iron 3’97 = 2 liars 2x1 
No. 2 „ n 3-31^2 „ 1| x 1 | No. 4 „ „ 4‘3l = 2 „ 2^x1 


AA; 
A*; 
A /; 


Stniin on A»'ting-rotts. 

So. 1, = 39355 ib., 

No.E.?52!!|^.49,;74„«. .. 

N„.3,l??i'^ = 55023..«. .. 

=5«13C1U .. 


Weight on Acting-rods. 

No. I, 31.000 - 4,238-2 = 20,701 -8. 
„ 2, 31,000 — 7.‘.ni2-2 s 23,007 8. 
„ 3, 31.000 - 11,745*9 = 19,254 1, 


Fii/uc of Iron in Actinj-nnh, 


No. 1, 

No, 2, 
No. 3, 


10.000 tho Sip iu.: 2 rods 7 in. diameter, length 23 ft. 2 iu. 

2 bars 4 x Ij^ in. diameter, 25 ft. 3 in. length. 

15.000 the wp in. ; 2 liars 7 in. x 1 1 in. diameter, 38 It. length. 

14.000 the nq. in.; 2 bars 7 in. x 2 in., length 52 ft. 5 iu. 


Size of Counter-rods, 


A g l 1 section of iron 2 * 5 

A/: No. 2 „ „ 3-9 

A e ; No. 3 „ „ 4 • 5 

- 2 bora 1| X 

= 2 „ 2 X 1. 

= 2 „ 2i X I. 

Afmin on Counter-rods, 

mx-2xn2 

1 

<m Cuimter-rvls, 

, sum X 17-5 

\n 1 — J0*3kJ»0 

7992 -2 X 97 

= 4;;069 lbs. „ 


i>0. 1, — 

.. „ 31000 X 33 , 

>"••2- = 7902 -2. 

31000 'x 4X-5 _ 

I7-.^» ^ 


bo.3, j-- .1. 
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Value of Iron I'n Cauni^r^rode, 

No. I, 10,000 tho M«|. in.; ‘i 1 X l», IcngUi 112 ft. 7 in. 

No. 2, 11. (MW the nq. in.; 2 Imrs 1x2, „ K7 ft 4 in. 

No. 3, ri,(M)U tlxf iiq. in.; 2 bars 1 x 2|, ,, 82 ft. 1| in. 

Valuoof iron in couutor-nxl o, 13,000 tin* aq. in. ; 2 bars 1 x 2\, lon^h 00 ft. 11 in. Tx>n)?th of 

218000 

15 ft. ; dinmi;b‘r of |mwU, C in. ; weight on each post, — ^ — = 31000 lbs. Diagonal broeeii, 
1 in. dift»not*T, 22 ft. 9 in. in length. 

Trial »W'/e rm the Irt of J«w, 18.52, ta prore the OtpifiUitff of th!a ftridfe , — Tlure flrwt-elnwi 
tonnage enginea, with three tcn«b*ra, were first car*?fn!ly weight*!, and then run u|**n the britlge, 
at the Mtmo time m>nrly covering iU whole length, and weighing in the oggr^;Ht«> 273,«550 IbA., or 
hma nett, ladiig over a ton for eneli f(M>| in length of the bridge. Tlii* burden was trieci at 
nlxmt eight niilca an hour, and the dethvtiunM, Arcording U> gaugt^a pn>tM>rly »et and reliable hi 
their aetion, were at centre i»n«t IJ", and at tlie first |xml from ahntinent ^ of an in. Frtau this 
test it iri found that the load did not cov«>r the entin; length of bridge by a)*»ut 13 ft., yet the exeeM 
of widght iu the middle, and at a speed of aUmt eight mih*« an hour, pnainced no greater dcfli«- 
tion than 1| ofan io. at the ctmtre |Miat, and of an in. at t)io first tx>int from abutment. 

Ih'fore proceeding fartlier, it ia mrcessary to pe»int out w)me aeriouH mixtakea madi' by experi- 
menters and writers on the strength of maP rials. 5Vheu diecuHsing the atn^ngth of girdiuw resting 
on HupixirU. the o«litor of the pnwMit wt>rk, in his new thi-orv of the stn'iigth of mutenalM, first 
}Kiint<Hi out fallacies involvi*! through intriMliieing an imaguiary line, bTiutHl the neutral axis, 
and merely investigating the upright laminae of the inalerial. We do not i»ro|tose l»» ili-scuss this 
subject thonmghly lieri!, but to sliow bow errors may be iuvolveil wheu tlio strength of girders 
is (‘onsiderL'd with resjuTt to forcea supiM)«a>d hi act only in porallcl upright plnntis. bee ‘Civil 
Kiigineer and Architei't's Journal,’ June, iHlfi. 

If A Is'Hrn, Q It, Fig. 1492, rests hwiNely on two siip{v>rts, A and B, en<l is loadisl in the 
middle with a wtdght, W, which di-lh-cts it ; lieforo the weight is phiCtHl on the beam 
ab ptfsed-, and e/= r»=nta: but wlieii 
tbo Warn is defi<vte«l by \\’,pq is grt*atcr 
than < 1 6 or c </, and r s is less than either e / 
or m n. Be fore the b<*ain is h«de<} It is su|>- 
|jO(K*l h) lie rectangular ; in most nuNfs this 
cliangp of form may be detected bv expe- 
riment. Although the nature of tlie ma- 
terial and amount of pFessiire mav render 
this change of form ini|>eitH-plible, yet 
these forces acting acrtiss the girder, in 
the direcliona of u ^ r s, aru in ojieration, 
lonacning l>olls, Duckling and nuekeritig 
upright sheets, and so on. This action 
should hi' carefidly attended to by engi- 
nvers in constructing gtnlerrs whether hollow*, or composwl of skeleton frames. 

The maUrial at r* is wire-<lrawii and oompresN*!, while at pq the material l>ecomefl ufisct. 
extended, and hxwcnctl, according to the elastic limit and nature of the girder. The cunent 
erroneous the*)ry of the strength of maU’rials supposes, when the lawm is lH*nt by a weight, W. the 
fibres are compressed at pq and cxtemhsl at r*, without alb*ration of bn^adth; tliat U, pq remains 
= aAor ct/, and also = r« or e f. A ix>rtion i»f the Ixsly will ofl«*n l>e forcwl out ncur the line pq ; 
but when the substance snpi*»rting the weigtit is tongh, the separation may take place irrcqpilarly 
and diagonally, with a sliding cutting motion, and not directly through the plane p </ cs, in the 
middle. 

Stone ftriii/ea . — The art of eoiistnicting stone hriilges has always l>ecn and still is a« much the 
«h»inain of pnwtice as of theory. The long and intricate cnlculationa which it is nec<*»»ary to gr» 
tliroiigh in deittnuining the princjisd dimeriHiona 4»f a stone bridgi', though these calculations arc 
always, with a wiw precaution, sui*>nUnaUvj to practice; the little time which those uj*m whom 
the guidance of eiiginet'ring works dcvolvi^s liave to devote to the calculations, lunl the dis|iotch 
with which prefects have to be designed and execut**! ; and other cnnsidemtioiis ntTecting skilful 
builders who, for ward of time or opjiortunity, have failed bi gain snflleh'iit the»»retical knowlerlge, 
the bImw>iic(‘ of which might l>e(v)rn]M*nsute«l for by their longpmctict*aidi-<I bya few simple and precise 
prinrjphrs — all this has indue**! Pklmotid Ib»y, the cxpericTHNnl Fivnch engineer, b> compress into 
a few fmges M>me practical information and formulie, into which enter only tlie simplest elemeiiU 
of arithmetie and g<v>nictry, and by mtans of which may be readily detenuiued the dimensions of 
a^pieducts, bridges, viaducts, and retaining wiill.s. 

Before proceeding further, we give this practical epitome of Iloy : it speaks for itself. 

Empirical Formi*!..* srhvtxo so mrnKniNr thf Principal Dimpxsionr op Bridoes is Masonry 

OP HiJUCIRCTLAB, Ei.UIUCAL, bEOJIESTAI.., AND ClOTlUC FoRMS. 

Depth of H>t9»nfy at the Crotm amt Form of the Curre of the Intr<nl»$. — I'p to the present time 
the greab'r nuiiiltcr of empirical fonunla<) giving tl»e depth of matauiry at the cn»wn deU^rminc this 
<h'pth in cuQsidemtion <«f the s^siii ahme. In this way u brhlgc having a stuiiiciirnlnr or an elli|>- 
tiiwl arch, even if U»e latter be deprexstd to the degree of ought, in accordance with theae 
foniiulic, h» poasoBB nn cxjual deidh al the crt»wn. Fuch are the formulw of Penouei, of tiauthey, 
and of iiondelet. 

The«c formiUic appear to tu defective ; in proi*f of which we might |x*iut out the great diflfertnee 
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which cxistn hotwocn the dimonfiions of the maetorpiecea of the celebretoil Pcrmnr-t nml those which 
they would hnvo Imd if his fonuula had been applio<l. 

lu detcrtuinin]? the tliicknetM at the crovm, we ought OYidently to take into consideration ;~ 

1 . The sjmn of the arch. 

2. The ilezrwj of depre<ision. 

The greatest radiiw of ti»e curve of the intnulos and tl>o magnitude of the arc of the intnulos 
nlotie oorresfMUidittg with tiicHO two conditioiks, the depth at tiie cn>wii in W'ginciital bridge's luust 
Ih' determined bv the former of these two t|imntiti(»i or by llic two combined. It is alsf> ohviou.H 
that the lateral thrust U|Ninti)eai>utments with the depression given the arch, and the dimensions 
of the nbutnieiits at the springing, will therefore Is; dett'nninod by the radii of the curves of the 
iutr^os. All other dimensions will follow, generally, from the depth at the crown. 

SofHi'jication of the Letters anphyfd in the Funnuitt» 

Q = the Hjwn of the arcli. 

It = the loiig<»t radius serving to determine the depth at the crown. 

F = the rise, or distance betwoeu the level of the imjtoat and the summit of the Intrados. 

0 = the depth at the crown. 


Semicircular Arches. 


--h 

[1] 

F = K = |-: 

[2] 

Oeticml TttluM { c I o-M + o ol" ’ 

l^] 


Formula [3] is applunl by us to anv span, with ortlinary mah^rials. 

Fonnuia [4] is applicable cases m which materials of feeble resislnnce are employed, such as 
certain kinds of fri^stone. The dimensions denotcsl by tliis formula arc not excessive fur spans of 
loss timn 12 or 15 inetifs, and it may with propriety be employed. 

Arche$ A<vir«7v htmih-d.^ln the case of arches supporting thick masses of embankment, it will bo 
necessary toad<l to tho depth at the cn>wu iu the proportiouof O' 02 for each metre of embankment 
above tlie extrudes. 

Arches . — In the elliptical arch the nulius of tho upper sellout, which is the longest 
railius, may, in acconlaiice with the various conditions acconling to which wc wish to construct the 
curve of tho arch, have many dimeosioDs for tite same »{inn awl the sami? rise. We sluill tbereffire, 
in order to have a uniform formula fur elliptical arches, always consider as a l>asis of calculation 
tlmt the curve is of 3 centres only, with w‘gmcnts of G0°. It will not, however, l>o nwssary 
always to construct the curve of the intrados with 3 centres ; it may lie of 8, 5, 7, or 8, ns may l>o 
deemed cxiutlieut ; we have cliOM>n 8 mendy as a uniform basis of calculation. It is plain tlint a 
curve of 5, 7, or 8 centres, suWtituted for one of 3 which has served as a basis of calculation, must 
liave the same rise as the Istb^r. Our opinion is tluit tho curve of 3 centres should never bo 
cniplovisl. as it must of nt'ccssity Ik> ongulnr. 

2. The Tiinde of calculation which we have adopted fixes a priori the utmost limit of depression 
which it is proper to give to elliptical arches, and couset|UonUy indicates the moment when wo 
should Wgin to employ the segment. 

The gc-nerul value of K in cases of curves with 3 centres, the arcs of which arc of GO*^, is 
U = Q X ri83 - rSOti F. [5] 


Ivct r represent the radius of the lessor arcs, then r = Q — R [6]. If we make F = O' 131 
X Qor , we have It = Q x l'I83 — l*Jk»6 x 0*134 x Q; whence R = Q x I, and 

4 '40 

r = Q - R = 0. 


This result agrees with the geometrical priueijile, that tho chord of an arc of 00'* is equal to tho 
railius. 

Thus, according to our principles, the employment of arcliM of (he elliptical form is limited 

Q 

between F = 4 Q and F s ,r-— • 

/ '4b 

On the other hand, if wo compare the section of the ellipse, Fig. 1407, which is deprwsstd 
F 

to = 0 with the segment of 60'' or O' 1 34 X Q = F, drawn in a dotted lino near it, wo shall 


ace that the ajiertnrc, or vent, which would result from the employment of each of these two 
corves would be the same, or nearly so; the difTerence will be still lees on com{)aring the m'gment 
beftirc mentioned with the curve of Fig. 1404. In this latter casl^ it is indeed nothing. Practii'ally, 
then, there would be no advantage whnb^ver in employing an elliptical arch having a rise of less 
tImn 4- of the s{ian, lM>cau»e in such a caM> we should have a curve too much depressid at tho 
summit, and because this ellipse might be advautageously replaced by a segment with a risu 


of 


I 

7 46 


affording a vent e>}ual to that of the clli|isc. 


In practice elliptical arches having a rise of letm than 4 of tho s]Mm have never been employrsl. 
(Jenertii Values of the KlemenU serving U) determine the depth at the crown of elliptical archi-s 


R = 0 X 118.3 - 13G6F; 

C = 0 30 + 0*05 U. [7] 

PUin of Tarty'S several Centres . — I^et A H, Fig. 1403, be the sjwin of tho arch, and I F the 
IH'qwndicular on tlu^ middle of A B = the rise. 
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IVsrrihe tbp liftlf-olmimf(f'rPTif*i> A K' H with JAB for a 

liivith* tlio )uilfH'ircimif(‘rt‘nci‘ .\ K' B into am mnn^' oi}Ua 1 jiurb ah them aro to f»e ocDtrca. 

I*ro(liire th«* |H*r})cn<lu*iilnr 1 F »a far an F', tlio i>«mt where it cut« the liBlfH'imuurcrence anfl 
(livi«li‘K Uie top M‘<^iiicnt iiitfi two «‘<|unl {jaiI.h. 

Dww the ctmnU It 1, 1 2, 2 F’, F'.H, 8 4, 4 A. Take iif»on A It any tao point* e, at tx|iinl 
di^tunoe* from tlie oxlremitien A nntl H, which will U* the centre* of the first arc of the cur\o and 
the mdiu* of which will be It r. 'rhn>u;'h the {irtjnt r draw ro {lArallel to tlic nwliu* I I. which 
will cut the chord B 1 in o and It n, and be the clmnl of the first arc. Tlirough the itoint e dmw o p 
parallel to the chonl J 2 ; through the |M>iiit F dmw F p itumllel to the chord 2 F' : the prdnt of 
Hjt4‘rNi\-tion p of the latter two {larallel* will deh^rmine too cliord op of the aecond arc iiiid the 
chonl p F of tho half air of tlie Hiiiiimit. Through the prnnt p dmw inj? /> H imrallel to 1 2, which 
will cut in r the radiu* or prodiiciHl, and in U the }H*rpendicular I F pirxluctHl, the axi* of tho 
arch: the point* r' and U will Lc the eentn* of tho second arc and of the arc of the *unimit. 
Fii;*. 1401, Hod, Kive illustmtion* of curv***! with 7 centre*. It will l>e mhui that tho c(«stniction 
i* exactlv the twine ; hut the first two mdii may l>o taken at nleaHuro, and the third, that of tho 
arc of the auiniuit) may be determined a* for Fig. 1403, which ia the ewse of a curve with 5 
centre* only. 

It follow* from the mean* which wc have poinUnl ont that It would !>o neccsttary to proceed 
cautiously, in order to give the pro[H!f dimcnidon* to tlie snialler radii n<‘cewiary to pnxluce a 
regtitar and gract'ful curve approaching a* near a* potwilde t<» the elli|Nie. To avoid this we liavo 
drawn up Table* applicable to the describing of curves with 5 and 7 centre*, and hy miwn* of 
which we may deteruiiuu by a simple multiplication the length to be given to the first lesser 
rtulii of the curves. 

There are only two distinct conditions according to which elliptical curves may he traced : — 

1. 8up)Mwing that the atigh.'s in the oentn' of each of tho arcs ore c<)ual to each other. 

2. That the nwgnitudes of the arcs are ei|ual. 

M'c give Tables No*. I, and II., which fmt'udj tho former condition, and Noe. III. and IV., 
which satisfy the latter for curves with d and 7 centres. 


Ki.t.irTiCAL Arcui:* or 5 and 7 Ccntues, eocal Anuixd. 
No. I. No. II. 


1*0' 

ft O'aUt*. AnaW s = 3$*^. 

Paoposnosa: 

I centre*. Angle* = = iftO 43'. 

PaopoBTiosa : 

Of U»e lUao 
F 

- - to tbe Spao 

t X 

or the III Radltpi 
— to the 

*Ur Uie IUm 
F 

to Ibe Span. 

or (be Ut nullua'of thc 2 ndUiuUi» 

to tb« Span, j to the Span. 

O-.Td 

0-278 


0-30 

0-l!»2 ' 

0-276 


0-2«.% 


0-29 

0-180 i 

0-2<« 

' 0-34 

0-2.*)2 


0-28 

0-168 

0-249 

o:« 

0-239 


0 27 

0-156 j 

o-2:w 

o:i2 

0*22.^ 


0-2U 

0-145 ' 

0-223 

o-ai 

0-212 


0 25 

0-133 

0-210 

.(1) 0-30 

0-198 


0-24 

0-123 

0-148 

» 0*29 

0-185 


0 23 

0-113 

0-187 

0-2d 

0-171 


0-22 

0-104 

0-177 




0-21 

0 09.5 

0-166 

i 


(2) 

0-20 

0-086 

0-155 


ELLimcAi. Aqcue*, with Arcs op kkari.y equal Maomti dkh. 5 Centres. 
No, in. 


Pie«>roitTioK»: 

AtroLE*: 

Of (lie KibC 1 or tU* lal iLwhua 

F or 

- U> (be tean. ' — to the Span. 

or (be Ut Radius 
wiUi the Horitiintal 
Line of th« Springing. 

or the Itt Radios 
«Ub tbc 'ind. 

or (lie 2 nd 
Kodius wiih 
tbe VrrUoU. 



D 

1 

o 

, 

Cl ’ 

0-36 

0-300 

49 

0 

32 

0 

9 1 

0-.S5 

0-289 

50 

20 

30 

40 

» 1 

0 34 

0-279 

51 

40 

29 

20 


o-:« 

0-2(i8 

• 53 

0 

28 

0 

9 ' 

0-32 

0-257 

54 

20 

26 

40 

9 1 

0-31 j 

0-246 

55 

40 

25 

20 

^ 1 

0-30 ' 

0-235 

57 

0 

24 

0 

9 

0-29 

0-224 

58 

20 

23 

40 

9 ' 

0-28 1 

0-213 

59 

40 

22 

20 

» 1 


Digitized by Google 



686 


BRIDGE. 


EiximrAi. Annn» with Anc« of nearly equal MAONnrnEa. 7 CBSTR^A 
No. IV. 


rRomtTtoxs : 

Avoirs: 

Of the lUv F 
to the Spun Q. 

or Uk> 1 st 

Radluaor to 
the Span Q. 

Ot the 3ml 
ILmIIuu p r to 
the Spim Q. 

OrUio ui 
Kodtov with the 
lloritoiKal Llm* 
of tb« Springing. 

or the lot 
Radius with the 
2 nd. 

or the 2od 
Kadmii with the 
3rd. 

or the 3rd 
IUdiu« «llh 
Um VertkoL 




o 

• 

o 

» 

o 

» 

0 

1 

O-.'tO 

0-220 

0-431 

44 

53 

22 

37 

16 

30 

G 

0 

0-29 

0*210 

0-425 

45 

.30 

22 

30 

16 

0 

G 

0 

0-2H 

0-200 

0*419 

46 

7 

22 

22 

15 

30 

6 

0 

0-27 

0100 

0*413 

46 

45 

22 

15 

15 

0 

6 

0 

0-2(> 

O-lNO 

0-400 

47 

2S 

22 

7 

14 

30 

6 

0 

0-25 

0-170 

0-400 

48 

0 

22 

0 

14 

0 

G 

0 

0 21 

0-100 

0-31H 

48 

37 

21 

53 

13 

30 

6 

0 

0*23 

0-150 

0-3HS 

49 

14 

21 

46 

i:t 

0 

6 

0 

0-22 

0-140 

0-382 

49 

51 

21 

39 

12 

30 

6 

0 

0*21 

0-130 

0-376 

50 

28 

21 

32 

12 

0 

G 

0 

(3) 0-20 

0-120 

0-370 

51 

0 

21 

30 

12 

0 

5 

30 


Korc^Tbe borliwotAl ooIuiuim uutIchI by the Agaree (1 ). (3). (3X ooirc^xMid to tl»r euxDplee givea iu Fig». 14Q3 id 1406 . 



be one of the nmn1>crA of the flrxt column on the le^ftt or nonr it : the prrKluctH of the sfinn by the 
projirtriionn com^tiponilini; to thiw (niotient, MituaU-tl on the haiuc horizoiitAl line, will K*ve the 
lenirth of the first radii. The radii near the sununit of the curve nitu»t be determined from 
the duu;mm. 

It iH ni‘ei»wiry to remark that in the application of Tnbica No«. III. and IV., in which the 
ansl(>a in the centre are not e<^ual to each other, the diviotona of the hAir*eircumrerL‘noe must be 
made acconlin^ to tlie anirles indicatoil in thevo TablcH. 8ee application, Fif;. 1405. 

Tliu principh>Nnf our Tables have nothing alisolutc aliout them; they may bo varie<l on the 
plan ami the niimbt^r of centre's increased, if it lie found that the limits are t<io restrictctl ; for 
the construction employed for 5 and 7 centres is aqalojrous to that to bo employed for 9, 11, or 13 
c«‘ntrts. Only the flatness of the cun*c at the summit is projiortional to the increase in the 
number of centres, and irrenter care is ne^de*! in the coiutnictinn of the plan. Our Tables arc 
designed only to give, within practical limits, the mcoua of avoiding the necessity of making 
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rxperimenU, »nil of obtftinin^ <i priori tlio rt'quirrvl curvoi. Our jrcnt'nxl formnU [5] RivtM the 
vniiK*» of the redii for a carve of 3 centres with an^lea in the centres e<{ual. 

We do not advise tin* adoption of the curve of 3 «mtw?i» for a depn'tuiinn of Ictss tiwn 0'3<», 
ft*r in the two viwlucts of l*ort-do-Pile« and of Auz<ni (railway from Tours to llonhraux), in tho w»n- 
atruotion of which Roy tor>k iiart, the former having three archeti of 31 metres, ami the Inth-r hvo 
arches of 20 ni* tri*8. The designs for elliptical arches of 3 ceutros with antflea in tho CiUitn*s 
«]ual, gave a doprwwion of O’JW. In tho execution of thoao works, recourae was oblige<l to bo 
had U> curvoM of 3 ceutres, because with 3 centres only there was a very distinct angle at each 
change of curvature. 

Tnt' irni the KUt'jmn. — 1. (>ardoner'fl ellipsis. 

Is-t A B, Fig. 14(WJ, be th«* span of the arch and major axia of tho ollirais. T’pon tho middle of 
A B nii*sj the iH'nHwlicular I F iHfual to the rise of the arch, which will \>e half the minor axis of' 
the elliiMiia. From the jK)int F, as a centre with J A B or I B as a radius, descrilio an arc cutting 
the lino A B in two (mints, tn and «»', which will be tlic foci of the ellipsis. If at the foci m amt m' 
we tlx the ends of a thread, tho whole length of which is espial to A B, tho major axis of tho 
ellipsis, and with a style keeping the thn^d equally tense, we move it round from B to F and A, 
tho style will trace a curvo which will lie an ellipsis, and tlio right lines ran, m'o; and mo‘, fn’a*, 
drawn fnnn the (Miiiits u and o' to tho foci m and m\ are radii vtx^ton^a, and tltey show the positions 
of the thread as the stylo moves muml. 

1. The lino histreting the angle formed by the two ra/lii veclores from the anme point in tho 
ellipsis is a nonunl tn the curve in this point. This pro]ierty of the elli|)sis will furnish us with 
a reiuly means of determining the joints of the voiusoiw. We will return to this subject presently. 

2. plan of di'scribing an clli|)sis by inoauH of a thread is appltcaldo only to the laying out of 
ganh’us. from which its name is derived. For plans of arches where a very exact curvo Is required, 
W€^ pro|)osc the hdlowlng meth<Kl : — 

Sllb^titutc for the oixlinnry thread a piece of wire, the diameter of which should bo from i to 4 
of a millimetro; at the foci mfiid Figs. H08, H09, fix two pins, which will serve as |Miints of 
mtation: one of these pins (jasscs 
through a hole in the middle of a 
pair of pincens closing with a screw, 
tho use of which is to hold flrmtv one 
end of the wire; the other pin fias a 
ringnttacbfHl to it, to which the other 
end of the wire U fixf^d. The |jnrt d 
of the pincers is inU<nde<l to lialance 
Uicr |»rt c. Instead of pincers, the 
part e might have a small cylinder 
with a ratchet wheel, m is a simill 
tint piece of Ixiord, mounted on time 
rolh'rs tuniiug on their eentrftt; 6 is a bori* 
rental pulley of 0'05 in. diameter turning ou 
a vertical axis fixe<l in the bnnl m ; around 
this pulley pasacis the wire which guides the 
elliptic track that must bo followed by the 
lioanl n%; through a hole in the besird at tj 
passoM a style, knided a little, if necessary, to 
render its trace upon the plan plainly visible. 

Tho liourd m must always be movinl, so that 
the hole q is on tho bisecting line of the anglo 
fortmxl by the radii vectores. Tho curve thus 
dcHcrilaxi will be yet more exact if the phi of 
the pulley lie made hollow to enable the stylo 
to pass through it. 

Trtu'ingan /■'Uipsis through Poin/s.— T<et A B, 

Fig. 1410, = Q,i themiddleof A B.nnd the por- 
pcmliciilnr i F =: F. Tho foci m and n»' will liO 
dt'k'nuined in tho luanucr shown, Figs. 1408 to 








1410. From the iiolnt i as a centre with At or 


AB 


I a radius, describe the part of the circle A I). 


At the point A, the extremity of the major axis, erect the perpciHlicular A N upon A B, equal to 
A m\ the distance from the locus to the extremity of the major axis. Joining tho points 1) and 
N, the straight line D N pnxliK’wl will meet the major axis A B prrsluccd to a (mint K ; the straight 
line D N |Kiss<-*>«e8 properties which form the basis of the method we are about to (xiint out. 

1. It will be a tongent to the ellipsis at the point where it is met by a (H.’r}Muulicular to tho 
major axis, erected from the foens m'. 

2. All the pcr(H‘iidtculars to A B.ercctwl from any (lointsWtwcon A and i and includfsl lictween 
A B and 1>\, will be e<|unl to the radius rector (tassing through the (loint in which the clli(>sis 
would be met by each of these |ST(Mnidicular8 n*?iM*ctively. 

If, then, we take n|ion A i any points 1, 2, 3, &c., and erect the |»*’rj»endirttlara to A B 11', — 
*n' M*, — 22', — 33', which will metd the straight lino ON' in the fs-*iuU T, — — 2’, — 3', by 

describing arcs of circles with the focus m'as a centre and nuUi c«]ual b> the (icr(M‘iidiculars 1 }', 
— m' m\ — 22', — 33', between A B and I) N, the (x>lnt in which each of the ares cuts the (lerjien- 
dicular which ban deteniiim^ its rmlins will be a (mint in the ellipsis a, n', a", a'". 

If we now trace a curve (jassing through all the (iniiits thus obtaitmi, we mIibII have the quarter 
of an ellipsis, and the other half of the arch may be formed in the same way. 
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3. NiimorioAl valno of the {>n«itton of the foci. 

We have m the valoo of Uic dUtoDcc from the miihllc of the major axis to the foci : — 

-v/Q* 

1 m' = ^he reotangular triangle m' i F. 

4. Numcrioal value of the {toaillon of the line 1) K. 

Wo liBVO as the value of the distance from the middle of the major axis to the {>oint K where 

Q* 

the line D N meets the major axis i * = — , l>ecAuse of the similar triangles I) i K and 

Vv _ f, 

Q * 

D N r, whence D » = • 

5. Values of the ordinates of the ellipsis. 

The perpfrndiculnrs 1 n, — m' a’, — 2 «*, — 3 included between the major axis and the curve, 
are the ordinates of the ellipsis. The parts of the major axis measunid fmm its extremity A : Al, 
— Am', — A 2, — A 3, are the absebbuo of the above-mentioned ordinates. Kepreseuting the 
abscissw by z and the onUnates by y. 


S^tion of EHipiical Arches ^ — We have y : 


^ ; the area of an ellipsis being equal 


Q 4 ' 

to X, multiplied l)v tho product of the two half-axes, and representing Iho section of the arch by B, 

xQF 

wo have 8 = — — , 

the Joints of the Votissoirs. — When the thickness at tho crown and at tho springing 
has Ik^u decided upon, the thickness at the springing being greater than that at the cn>wn, it will 
1 h) necessary to trace the mean ellipsis, having just determined its foci : u}Min this ollijwis must U; 
ronrkeil tlio divisions of the coumo of voussoira. In (>ach of these joints of division will bo deter- 
mined the bisecting line v P of the angle formed by the two radii 
vectores draw*n fmm each point of division. Fig. 1410. 

SeymenUii Arche*, — General values of the m^us, rise and mag- 
nitude. 

Tho chord of an aro ortho span of a segmontal arcli l>cing 
given, tho ratlins of this arc is determined according to two different 
conditions, see Fig. 1411. 

1, Tho rise rc<iuirod. 

2. Tim magnitude in degrees and minutes which it is neces- 
sary to give Ui this arc.. 

Tho rise lieing s F. and the magnitude equal A, we shall 
havo for B and K the following values : — 




\ r» 0 

if o / 



9- • 
X 

y 

/ 


f 


m. 


It = — 

f— 1 
00 

= U - It’-x': 

4 

[9] 

2 sm. <] 

[10] 

Q 

“‘“•'' = 2 11 = 

[11] 

= K — * cos. o X R. 

[12] 


Xotf on Trifjtmometry. — It will bo necessary to give a few explanations of the chief terms used 
in tripoDoraetry, to enable those of our readers who havo not studied that science to employ the 
rnmiiila> we have just adduml. The sine of an angle « 6 c, Fig. 1412, which wc will call a, 
is the perpendicular m n let fall upon c6 fivjm tho point m, where one of tho uia. 

sides meets an arc ilescril>ed from the summit 6, aa a centre with a radius ^ 
of I. The cosine of an angle is the portion of the side e b inclutle<! betwet'n 
tho point a, th(* Imttoin of the per{xndicular, an«l the summit h of the angle, 
tho centre of the are. Tho aine of an arc is the perjmniliculw a d let fall 
from one of Urn cxtremiticM, u, of the arc upon the radius c 6, passing 
through the other extrt'inity, c, of the arc. The eoaine of an are is that 
portion of the rmlius included between the end of the sinus d and the 
centre 6 of the arc. The jwrtion e d is called the versed sine, and is etjual f— 
to the radius c 6 of the arc. minus the cosine d b. The tangent of an arc, ^ 
a c, U the perpradicular c t erected from the extremity of ono of its extreme nulii, c 6, and included 
between its ixiint of contact, c, and the point, I, where it is met by the otlicr extreme radius, a 6, 
produced. The cotangent is the tangent of the complement of the are. 

Chief of the Triijont)metricid Line *. — The sinus of an angle nr of an arc is equal to the 

eoainns of its complement. The tangent of an angle or of an arc is otjual to the cotangent of its 
c«*nplemcnt. hence the formulR>:—8in. o - cos. (tKP — o); .... tang, u = cot. (90° — n). 

1 ben* are two kinds of tables giving the values of the trigonometrical lines : those giving the 
logarithms of the values of these lines, and those giving their naturul values. Of the former kind 
are the tables of Callet and De Lalandc ; of the latter are the tables of Richard, and those containoil 
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in the wnrk« r»f CIauiIpI ftml Chevnllot. All taU<^ are oalrulate*! for arcs bavins a radiitii of L 
They arc u»ually arranpeit in the following; manner: the number of degrot^a ia marked at the top 
of tfic page from 0 to 45-, and at the bottom from 45° to 90*, liecauae, aa we have t«id, the sine, 
tangent, cotangent, and cfwino of an are are equal reeportively to the cosine, cotangent, tangent, ond 
aine of their oomptemeut. The number of miimtea Ibr anglen or arcs from 0 to 4.')'’ are found on 
the left of the jiage, and for angles nr arcs fn>m 4.5° to 9tT the numh<*ni are on the right of the |)age. 
The Valin'S which arc found in the horizontal line of each mmil>er of minutes, in tahl<>s of log. 
sines, cosines, Ac., arc the logRrithius of tho imturul valncs of the sine, tangent, cotangent, and 
cosine of the angle or arc whoso maguitude is cxpressMl hy tho number of degrees at the h^p or 
botbmi of the i«ge, increased by tho mimWr of luimitcs found in the left column for the degri'oa 
which are marlccd at the top, and in tho right colnmn for degrees marktHl at the Ix^ttom. AH these 
values, it must l>e remcmbcnxl, are calculated for a radius of 1. In tables of log. sines, Ac., the 
index is increased by 10. 

From the fact of tho values of tho trigonometrical lines being given for a radius of 1, it follows 
from a com{^ison of the similar triangles a d h and m n 6, that tho sine, tangent, cotangent, and 
cosine of arcs of dlfTercnt radii arc to each other as their radii. Thus, when the value of a trigo- 
nmnetrirsl line has htHm found in tho tables, wc have to miiltiftly this value by tho radius of the 
arc in question in order to obtain its true value. The operations on the logarithms of the values 
of Ihesc lines are |M-*rformed in the same wav as on ordinary logarithms, and it will be necessary to 
remember that the oliaracteristic of all tiiese logariihti^ (Tables of Hutton) is increased by 
10 units, luid that the decimal ))art is always positive. 

ForMUL.« GIVINO THE DkITH AT THE CrOWN, AND TIIR PROPORTIONS Of THE RaDII'S TO THE 

Rise, for Arts of (uven MAn?frn:r>K«. 


1 

1-U.EMKSTtt or THK . 

Aaca. 

1 Drpth «t the Crown = (X 

1 

i Magnituda 

lUdiiM = R. 

i Rl*^=F. 

o 

120 ; 

Q X 0*577 

Q X 0*2«) 

0*.30 + 0*07R; [13] 

> 90 I 

Q X 0*707 ! 

Q X 0*207 

0*30 + 0*05 K; 14] 

: 60 

Q X 1*000 i 

Qx0*i:« i 

0*30+0*04 R; 15] 

' 50 

Q X I!«3 

Qxoni 

0*30 + 0*03 R; 16] 

40 

Qx 1*46*2 

Q X 0*092 

0-30+0*02 R; [17] 


htitiiv) M-ujnitudfa intfrmedi/iir to those j/ircs »» the preeedin/j Tahte.—Ta determine tlie 
depth at the crown of sicgraental arches having magnitudes intermediate to thow' given in the 
Table, find the depth with the radius of the are to he employwl for the two magnitudes lH.dween 
which that of the given are lies : a fourth prrtportional to the difference of the extntme ma^iitudes, 
to the difTerence of the depths at the crown correspfmding to these magnitudes and to the difference 
between the given and one of the extreme magnitudes, will be the quantity which must added 
U) or subtracted from the depth at the crown corn:sponding to tho extreme maguitude which has 
serve<] to determine the fourth term of the proportion. 

Kxnm}*ie . — Ixd it !>e rwiuirod to determine the depth at the crown of a segmental arch of 76° 
with a radius of 10 metres. 

We shall have for 90° and R = lO*"; C = 0*80 
and for .. 60° and K * lO™ ; C = 0'70 


DifferencciS.. ..30° .. .. O'lO 

, 30° 90° -76° , 010x14 „ 

Therefore ■ ; whence x = — ^ = 0*046. 

Hence for 76° and R = 10 00; C = 0'80 - 0 046 = 0*754, this arch would have Q = 12**3I2, 
F = 2«*12. 

The operation we have indicated will be indispcnsoblo only in the case of arcs of magnitudes 


as there are degrees of diflference between them. 

By performing an analf^us o]M>ration upon the rise, the calculation of magnitudes may be 
avoided. The differences obtained will not l>e exactly the same, but they will bo near enough for 
practice, and the employment of trigonometry may thus be dispensed with. 

Referring to the foregoing example, we rave: KslO"; F s2*"'12: Q~12***S12; whence 

^ = 0*172. The proportion of the rise to the span is included between the proportions 0 * 207 
and 0*134 of the formnlss, Nos. 14 and 15. Proceeding in the mmo way as for magnitudes, we 


for = 0*207 ; 


C S 0*70; 
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Eatabli.shing the proportion 


0 073 
010 


0-207 - 0-172 , 0 10x0-35 „ 

, ve BUnll h»TC x = — = 0-048. 

I ’ 0-073 


Hcnco for = 0-172 Btid R = 10”-00, C = 0--752. 

Th«i* thU examjilo provea that tb<* mliua anti the rise of an aroh being givent we may 
detemnno the depth at the crown easily by the aid of our formula without tirat oooaideriug 
magnitudes. 

Gothic Archf9 . — TlielKwt form of Gothic arch i» that (^insisting of two aegmentit of 60®, in which 
R s Q. It is for this ftirtn only that we give a value for the depth at the croau, measured like 
all the preceding according to the vertiral passing tlirougli the summit of the arch. 


In this case F = Q x 0'866,* [18] 

and C=s 0-30 + o wn. [19] 

Lateral T^rnut of Arrhfs . — The following formula will furnish a means of verifying the depths 
at the crown, determined according to our formula, anil the armngementof the extradrw, which we 
will discuss later. This formula denoting the horizouhil thrust at the key is given regardless of 
an overweight or an accidental weight. 

T s the hori7/7ntal thrust for a given length of the arch. 
d = the weight per cuhic metro of the masonry. 

G = the depth at the emwn. 

r = the nulius of the iutrados in semicircular arches ; the radius of the curve at the summit 
in arches with any kind of intnulos. 


Wch«,e T = -^(2Cr+C>). [20] 

Archfif of Cellars. — The depth at the crown of arches for cellara of dwelling-houses will be equal 
to the Iwif of that of an arch of a bridge, of the same form and the same dimensions (s[iaD and 
. C 

”“)-2 • 

Arches of Buihiiwjs. — The depth at the crown of arches of buildings, such as arches of churches, 
will bo equal to of that of an arch of a bridge, of the some form end the same dimensions 

(span and rise) -^7^ - 


Modification of the Depth at the Crown accordtno to the Xature op the Materiai.s 

EMPLOYED, AND THE OREATES5T RaDUW OP CVRVATVBE. 

The Rodins of Cnrvtitnre and the Kmplof/mrni of Material . — The general fommlie for the depth at 
the crown given in the preewUng chapter were comi*ow'«l on the hypothesis that the employment 
of matorials of various kinds, forming the intrados of archoa, would be subject to ti>e dimensions 
minima an«I moxtnui of the greatest r^ius of curvature of the an'hes, and which are shoaii in the 
following Table:— 


Natorc of the MsterlAls cmplojed 

Maximum Itadia I 

Mean Pcpih. 

Pprswifp on Miwrr S*0l 
borut bjr Ibf Uawnry : 

K. 

At tb* 
Crown. 

[ At tbe Bane of 
the PivTA 

Rough unhewn stone and concrete .. .. 

1 

t 2*00 to (3*00) 1 



k. 

1-00 

! ^ 

\ 500 

Unhewn stone, regular in shape, such aej| 

1 



calcareous limestones, laminated tra-> 

4 00to(5 00) 

0*25 toO-30 

2*50 

8-00 

cbyte, or rou^h-hewn stone | 

Stone alightlv tiewn and bevelled .. I 




1 8 00 i 

0*33 

400 

12-00 

Hewn or joggled stone and bricks .. 1 

1 14*00 

0*40 I 

5*50 

15*00 

Cut or free stone 

[ 20-00 

0*60 1 

700 

20*00 


Above a radius of 20 the mean dc]>th of the nit stone should be increased by 0*03 for each extra 

metro of radius. 


This Table has been constructe<l on the supi>osition that Hmo only nKslemtely hydraulic will 
bo us««<l. For cast's in which lime eminently hydraulic is employed, the values 3“ *00 and 
5* 00 are given. 

The slightly hewn stone, or ashlar, as we understand it, should have its bculs bevelled to the 
extent of 012, and the remainder of the lad not too much cut awav; the joints should be per- 
pendicular to the facing to the extent of 0 08. Ilean or jeggletl, stone should have 0*20 of 
Its beds bevelled, the remainder of the bed not too much cut away, and 0*10 of the jointa S(]uaro 
with the facing. Cut or free stone should have 0*40 of its beds bevelled, and 0*25 of the joints 
square with the facing. Tliese regulations for llic cutting of the stone constitute the utmost 
allowance which may l»e made if the work is to be properly exccuteil. 

It ia easily conceived that if, in the construction i»f an arch. wlH>se gW'aU'st radius of curvature 
is 14 metrea, in which case we might employ hewn stone having a im-an depth of 0“*40, wo use 
cut stone having a mean depth of O’ 60, this latter bovitig a larger bf.d, the pressure will be spread 
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over a lar^r irarfftre of utono Iving well together ami of great rcaisting power. The masruur of 
rough atone for Ailing up tlu> imnnchea might, in »uoh a case, l>e reduced in pro|x>rtion to this 
wprtwl of the preSMun* over n wider and well-resisting surfaeth 

Mt)dificati(m nf l*eptK at the ^roten.— -Having regard to the preceding conaiderationa, in order to 
take into account the various kinds of mahTiats employwl. with reapect to — 1, the nulius of curvature 
to which it is to l»e applitxi ; 2, the nutxinvt t*» wliich each of them may !>o employed aeconling to 
the resistance it offers, and in accordance with the spirit of the general formula which we have 
given ; we have adoptrsl the following rule for mjMi* in which it is n^iuir(.>d to suMitute for tho 
materials considert*d in tho general fonuula, as seen in the preceding Table, other materials capaLlo 
of more or less resistance. 


O = depth at the crown nccorillng to tho general formula. 

K = the radius of tho intrudos serving to determine the depth at the crown. 


T/>t R' = the radius wwxowi for the materials to l>e substituted for thoj*o which might bo 
employed, aeconling to the pr<-ce*ling Table, ami C = the depth at the crown, mudihtsl by the 


materials substituted for those considered in the general formula of tho Table. 
Wo sliall then have O' = 




[ 21 ] 


Kxampie 1. — I^et ua consider a bridge with an elliptical arch in which R = R*-00, and in the 
wmstriietion of which slightly hewn stone might Iw employed. Supposing tliat it is wished to 
substitute for it cut stone, wo shall have R' 20‘00. 

General value: C = 0‘30 + 0*03 U = 0*70, whence C' = =: 0 5I. 

''^'8 

The Talde shows that for a radius of 20* *00 the cut stone should have a mean depth of 0*60 : 
when the result obtaincsl is Itelow this limit the conditions are changed, and this shows that the 
radius for the materials should lie leas than 20 metres. Wo conclude from this that hewn 

stone should l»e suhstilutid for cut stone, in order to keep within tho limits assigned to each of 
these kinds of materials ; and we shall have on this last hypothesis ■ 

C = = 0-53. 


/ H" 

V 


FxftmpU 2. — Tx)t us consider tho viaduct of fit. Germain, inserted under No. 8 in tho Compara- 
tive Table. 

We have R = 5 00. Being semicircular, C - 0‘30 + 0 07 R = 0*05. 

In this according to the Table, slightly hewn stono should have been used ; but unhewn 
millstone grit was employed, for which tho Table gives U' = 2*00; 

hence C = « 1*02. 

Tho engineer, M. Flnchat. gave 0"-95. 

The«4^ two examples thus prove that tho nilo we have established takes into account all tho 
conditions of resistance which result fmro the emplojinent of <lifferent kinds of mattirial. 

The first example lea<ls to the following cvmclusion : — Whenever the thirkm*a« at the crown, 
found for a kind of mntcrinl that has betm substitubd for tl>at which, in aoeordanco with tho 
Table, might have been employed, is leas than the mean depth of tho materials substituted, which 
depth is fixed in the Table, we ought to consider this sulMititiition ns impossible, and, further, to 
determine the minimum IhickncM at the crt>wn with a kin<l of material of which the mean depth 
should u«t he gre-ater than the thickness found for the crown. By prooee«ltng in this manner, we 
ahall keep within the bounds of safety, and bo guidcfl by a spirit of economy, which ought, except 
in cimunstanecs of an extraordinorv* nature, to be considerwl in every undertaking. This mmmum 
thickness iKriiie thus d«*b^rmined, it is obvious that it will be always allowable to employ cat for 
hewn stone, ana hewn for slightly hewn stone. 

Potttr of Heniniancc. — It will be advantageous to give tho results of experiments made upon 
various kintb of sbme and mortar, In order to obtain a general knowledge of their powers of resist- 
ance. It will be neoptwary, however, to rcineml>er that these experiments were made in tho 
laboratory, where time and destructive atmospheric ageuU coulil have no effect. All bodiea 
poasess more or leas elasticity : under tho action of compression, or the reverse, their particles 
approach to or recede from each other; thc?fle actions have limits beyond which bodies lose tho 
power of resuming their primitive forms when the pressure is token off, and other limits lievond 
which, the force of eohwrion being exceeded and overcome, a rupture of the particles takes place : 
the former is the limit of elasticity, tho latter the limit of resistonco to a cruslung or a tractive 
power. As compression is, generally speaking, tho sole influence to which maeonr)- is subjected, 
we shall consider its employment only with regard to this. In practice, stono may he considerwl 
as incou]pressn>lo; but when tho ptrsNure is exerted a certain extent the hanlest flv to pieces. 
The softer divide into two pyramids, whose liases are the upper and under surface of tho idone, 
and whose sunmiits are situatecl hiwards the centre; the side ]»ortioD8 arc driven outwards in the 
form of splinters. It has lieen remarked tliat stones begin to crack as soon as the pressure excec<U 
the half of that roquire<l to crush them; it is, therefore, at this moment that the cohesion of the 
particles is destroyed, and it is evident this is the point which must not be exceeded in the 
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case of masonry having a weight to siijtport. Even this limit should not be reached if the supports 
are isoUttHh 

Experiments have shown that the weight which prismatic stones of the same nature will sup- 
port increases nearly ns their density. The weight which stones of the same form and nature will 
support is proportional to the areas of the transverse sections. The resisting powers of three prisms 
of the same weight and the same nature, having e^junl Istsca, are to each other as the numlK>rs 
703, 800, and 917, according as their bases are nwpectively rectangtilar, wjuare, or circular; 
which sliowa that with an equal section a stone increases its ]Mwcr of resistance in proportion as it 
assumes the cylindrical form. 

Reprewnting the resisting power of the cube by 1, that of the inscribed cylinder will 
be 0 08; that of the same cylinder, placed upon a sharp edge, 0'32; and that of t)>e inscrihe^l 
sphere 0*26. 

It is easier to crush several stones placed one upon another than a solid block of the same form, 
the (tame dimensions, and the same nature. For tbn‘c cubes placed one upon another, Rondelet 
discovered that the resistance was re<luced about |, a r^ult which the interposition of mortar 
diminishex, and which is explained by the want of |>erfoct contact of the siu^accs. According 
to Vicat, a cube of 0 03 loses ^ of its strength when it is formed of eight small oul>e.s, and | when 
it is coiiifKMM'd of four equal prisms with fixetl joints. 

It follows frt>m these facts that, having regard to the imperfections in the execution of work, 
in practice the permanent weight should not exceed ^ of that necesmry to fracture the stone, and 
that, further, in structures cnm|Kk«>d of ordinary stone or uf small materials the or even the ^ 
should not be excee<led. In the slightest structures the is not cxrrvHietl. 

Acconling to Vicat, a piece of masonry, compose*! of cut stone, will, after five months, support a 
weight of 200.000 kilogrammes per sq. metre without any alteration of surface, and an average of 
40,000 kilogrammes when consirurteil of unhewn stone lying well hither, with mortar moderately 
hydraulic. The quality of the mortar employed may increase or diminish the powers of resistance, 
as is shown in our Table of pressunw which tlie masonry has to sup}»ort. Wo give for arches a 
forc(‘ of pressure which is about | or ^ of that pro[K>scd by Vicat, and for peiq>endiciilar masonry it 
is nearly the Mime. 

Table or the Wkioiit of a Ccbic Mi:TRK or tuk hifterext Material *3friA)YFJ> i» Masonry 
Works, witu the PREssrKE per Rqi are CEXTiMi.TRE necessary to cnrsii them. 


NaIuiv of the HsIttIaU. 

W^'igbt of A 
Cubk Meuv. 

Crui^lns Prrwore 
1 Ui thp Square 
Gk.>ntlinctre. 


; kllm. 


DaMlt and porphyry 

2900 

2000 

Oianite generally 

1 2710 

i 620 

{^ndi(t4>ne, hard 

! 2570 

800 

„ gr»ft 

245H) ! 

4 

Calcareous, chonchyllious ami hartl 

2500 

400 

„ com{j>act (lithographic, lias) 

2.W0 

300 

Y, oolite (glohuloua) 

2100 

no 

„ xandv 

2000 

100 

Bricks, well burnt and hard 

j 1000 

no 

„ ordinarv burnt (Belgian! .. 

2100 

UK) 

Ortlinary plaster, mixed stilT, 30 hours after use 

1570 

50 

„ leas stiff 


40 

Concrete with hvdmulic lime, 6 months after use .. 

1S30 

40 

Mortar, hydraulic lime, 15 days after use 

1 ,, 1 

4 

„ highly hydraulic lime, 15 days after use 


8 

„ VaxfY cement, half sand, 15 days after mixing .. 


150 

„ highly hydranlic lime, 14 years after use .. 


1.54 



80 

„ stnmg limo 


20 

8oo SpEcino ClRAvmr. 




Non.— n»«sc rcsiRUbOM iuve Icvo 4rtcnnln«(l by cxiKTitDeUting upoo cabrt tuviog s ditDCflkioO of 0*03 to O’OS. 


Pktn of thf CHrvrs of the Kxtrattoa . — TWrcia^ the Carre$ of the f'rtradne, — In arches constructed 
in one of the usual forms the pressure which acts thrtmgh thecnr>e of the arch, called the curve 
of pressure, is the resultant of all the fore^ acting upon this arch ; and it is a principle that 
this preKsurc shotdd incitsise from the crown to the springing. Hence it is necessary, to ensure 
the stability of the arch, that none of the points or this curve bo without the section of the 
arch ; for in such a case the prwsure would not be directly supported. From this fact, and from 
the principle alludeil to above, it follows that the ihirkneas an arch, mtasimd normally at the 
intradoH, which serves as a basis for the form of the curve of pressure, should increase from the 
crown to (he springing. 

We admit with M. Dnjnrdin, author of ‘ Routiuc dex Vofites,' that an extrados oonstructod so that 
the teriical projeriion front the part of the radius of mrvrdure of the curve of the intradas, produced to 
axy pant hetaera the intrados and the rrirados, be aitrays njuai to the <Ut>iA o) the rrotrn, complies 
sufficumtly with the ctmditions of an inerraxeof pressure, and gives Uie diutensions of the liuunchcs 
of an arch in a way to render the dis{Mjsal of Uie masonry similar to all pointa, Fig. 1413. 
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Let 0 A s R anJ bJ sC. Take any radiuji. o m, and at the point m erect a vertical mh = hd 
- C : IhrouKh the point h draw the horizontal, meeting the rodiua o m in the point k, to which the 

latter boa been produced ; the pioint n will Imi a }K>int 

of the curve of the extradoa, and m n tho thiokneaa o( 
the arch at the haunchea. IVx^ed in a like mannr^r 
for m' n'. By joining all the )w>inta thus found wo 
ahall have tho curve of tho extrmioH. 

The uuineriral value of the thicknotui of the arch 
at the haunclica will be as follows:— 

Ropr(»tenting the angle Aom, formed by tl)C radius 
drawn to a point m, at which point it is reiniLrcd to 
hud the thickness of the arch by a ; and tho thickness 

of the arch by c: wo have 6d = C : and e = 

COB. a ♦ 

This method of tracing tho curve of tho exinwlos is simple and practical, 
are examples of archt's of lU metres span. 

Fig. 1414 is A semicircular arch; Fig. 141.5 a segmental arch of 60’; and Fig. 1416 an 
elliptical arch. The slope of the abutments is in each case 4. In the arch, Fig. I tltL the Joint 
VV* F 



Figs. 1414 to 1416 


of rupture is determined by In Fig. HH tho joint of rupture is at an angle of 60’ 

F Q 

witl» the vortical. 

l>tpths of the Crottn, 

Semicircular arches 0 = 0‘h0 + 0*07 R. 

EHiptical C = O liO + 0 05 It. 

Segmental of 60’ C s 0*30 + 0*04 R. 

„ ofSCT C = 0*:» + 0 03H. 

^ of 40’ C = 0*30 + 0-0'2R. 

Gothic C = 0‘30 + 0 04R. 


Bemicircular arches 
Elliptical .. 


Vtjlw$ of R. 

, .. H = -^ 


Segmental 


R X M83-1 360F. 
2F 

K=4^. 


Gothic R = Q. 

7hicknets of the Abutmfnts at the .S^'n^tn^r. 

In all cases E = 0*20 + 0*30 {R + 2C). 

Gothic E = 0*20+ 0*15(R + 2C). 

Thickness of the Piers at the Sprit^ings. 

With 1 to 8^ span .. ,, .. .. P = 2*50xC. 

8* and over P a: 3 x C. 


of the He*id-bands at the •^pn'n^ia^r. 
JQ X 0*025. 


• Kx<mpie \. — Application of the method to a semicircular arch : ABsQ; C D =C, Fig. 1414, 

Ppon oe perpendicular to the line of the springing A B, erect fn?m the centre o of the curve of the 
intradoB, a Ime o o' = C I) s C the depth at the crown ; aitd remark that o' D = o C s H ; from 



\ 
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the point o* draw o’ A' parallel to tlio line of the sjiringing:. Prodnring the radii oc', o c”, o c'", and 
80 on ; these rwlil will cut the line o' A’ in the points 1’, 2’, 3', and so on ; if wo now oontimie these 
rarlii fn»m the |ioint8 1. 2, 3> and 8U on, where each of them cuts the line A B to the |K»iuta 
1', 2‘, 3', -r, 5', (i‘, 7', nmkiuK them e<)nHl to o’D and e<]ual also to the nidiiu of the curve of 
the inlrodoH, we sliull obtain a eeries of points I>, 2’, 3', 4', 3', 6'^ 7\ which will determine the 

cun o of the extradofl. 

Uemarkin>’ that each of the portions 0 1, 02, 03, and so on, is equal to c' 1', c"2", and 

that oo‘ = C is the vertical projection from the iK»rtions of the nulii 0 1, 02, 03, we mo that this 
coDstructinn exactly fulilU the conditions already iiiontione<l ; that the vertical projection from a 
part of the mdtun of curvature of the curvo of an arch produced to any |ioint within the iutrados 
ami the extradoa is always e«)nfi] to the depth at the crown. 

We a'ould remark that the curve In question will never dcwcend (in ucmicircnlar and elliptical 
bridges) to tlie level of the springing?; for this curve which is determine<l by the sliding of the 
extremity o' of a line o' I) along a lino o' A', {laralh l to that of the springing nud distant from this 
latt4*r by a oiiaulity c<]unl to the depth at the crown, the direction of which in this sliding motion 
is compclhxl to fsitut constantly thnmgh the {toinl o, the centre of the cuxve of the iutrados, this 
curve is a conchoid of which o' A' 
is the asymptote. 'Ibe |M>int of the 
curve of the extnwlos nearest the 

I ilane of the springing will therefore 
•e mcasure^l by iiiiinity, and its 
distance from this plane would then 
be cxjual to the depth at the orowm. 

/.xrtfflp/s 2.—l'W the segment 
we liave piticecdwl in the aamo way 
as for the semicircle ; the deter* 
mining of the curve of the extrmlna 
stopping with the last radius oA, 

Fig. 1415, it follows that the abut* 
ment rises above the plane of the 
springing by a <}uantity equal to 
the depth at the, crown. In prac- 
tice the extrados of the arch must 
l>e made to coincide witii the top 
of the abutment according to the 
dotud line. 

Lrtitnplf 3. — For the elliptical 
arch with five centres, Fig. 141(>, 
we have procmled for each arc of 
the cUi{>8e in the same way as for 

mi. 




the half-circumference of the semicircular. Above each of the centres c, o, e, at a distance from 
these centrtw wiiial to the depth at the crown, draw a horizontal, then at each extreme radius 
of the arcs of the intradoa find the points I’— 2'-x' — y by the aid of the portions the radii of 
curvature 11' = oc, 22' e= o, c', xx = 22', y y' = </, A. 
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For nil elliptical nrchtw, determine by the aid of a diagram tho enrre with 5 or 7 oentrea 
apprcArhing tm near pottaible the given ellip«i» of the intrailoit, and dc«lueu from it the curro of 
the oxtrad<i« luf in the third example. In practice Uio oxtradon must l>e made to ooiucide with the 
abutment aa shown by the dutteil line. 

Ahuit/unttji an/l Piers.— Titickneu of the Abutments at the F/<in^ of the Sprinjjinif , — IjCt E s the 
thickneati of the abutments at the plane of the apringing for arches of all ^nns, and II = the 
height of the abuttnenta or piers. %Ve have already K = tho nulius of thu iutradiM serving to 
detenuiuc tho depth at the crown, and C = the <lepth at tho crown. 

For any span and any form of arch wo shall have 

E = 0-20 + 0-30(R + 2C); [22] 

except for the Gothic arch of two segments of 60^ when 

E = 0-20 + 0-30 + Q2C 

'fho height of tlio abutments should not exceed 

II = Qxr50. [23] 

Except in cases of absolute necessity, tho height should never exceed 

H = Q X 2. [24] 

The first value of II will give to bridge of one arch the roo«t solid appearance, a quality which 
public works ought to pOHsass ; it is also the limit of the conditions of grt^t stability. Tho second 
value of H conrespoumi to the architectural projwrtiuns of a {>ortico; it is also suited to largo 
viaducts. 

Fui'iwj of the Abutments on the Land Side . — Tho thickness of tho abutments at tho plane of the 
springing having been determined by formula [22], the exterior factug (the land sides) will bo 
constructtHl with a talus of | or 0' 20 tho metro of height. The thickness of the abutments at tho 
baso will, therefore, be 

= K + 0-20H. [25] 

This talus nearly corresponds with the retreats which many builders give to their works: this 
metlKMl, wo think, ought to bo aliandoncd on the ground of producing results opposed to those to 
obtain which it is adopted, namely, greater stability than with the talus. Each retreat is a 
reservoir of water furui^ang a mcaiis of enabling it to pemetmto the masonry. 

In the case of the talus or slofie we have takcu the moan of the thicknosaes at the springing and 
at tho base. This mean may bo token in practice as the uniform thickness of tho abutment, the 
value of which will be 

E' = E + H X 0‘10. [26] 


In this case the exterior facing will be vertical. This arrangement will have tho following 
inconvonienco : — Tho prifsaurc supixtrtcd by the masonry on the level of the foundations will l>o 
much greater than tliat supported at the springing, a fact which might in certain soils be of gravo 
I'onsfMiueticcs. Besides thia, such an arraugemeut dues not corrtw{Kjud in direction of rcsislauev to 
the pressure of the arch. 

The thickiu<ss of the abutments thus found needs no assistance of walls, which, if used, will bo 
additional guarantees of stability. When massive walls are placed behind the abutments, If the 
sum the mean thicknesses of these two walls l>c 014UHI to lialf tho width of the work betwoon 
the headings, openings in the form of arches may be mode in the abutments without endangering 
the solidity of the work. In this way a considerable saving may be ctTocted. 

It will not he prudent, however, to hollow the abutment Indwceu the walls throughout tho 
whole of its height lor there should always bo at tlic springing a mass of masonry of a width 
equal to that prescribed by the formula, to provide against the settling down of the masonry ut 
the head and flanks of the arch in cooseiiucuco of the slipping to which the latter is liable wheu 
there is not sufficient surface V> resist tho pressure. 

Thiciness of the Piers at the Sprimjing. — Lid I* - Die iliickncss of the piers at (be springing, 
and F = the talus of the piers per metro of height. Fora sjau of 1*00 to 8 or 10 '00 wo shall have 

P s C X 2-50, [27] 

twice and a half tho thickncM at tho crown. 

For a span above 10*'00 we have 

P = C X 3, [28] ' 

throe tiroes the thickness at the crown. 

Talus of the piers a metre of height in all cases 

^ or F = 0-025. [29] 

The Ixvlv of the piers will thus inenaso to a inldre of height by or 0'05. 

Besides this, it is well to give as much projection as possible to the socles in order to spread 
the pressure over a wider surfoix-of natural ground. The mituro of the soil, the importance of the 
work, the flow of the water, and the form of the foundation must guide tho builder in the oon- 
stniction of the lasts. His duty is to see that tho works be firmly placed and protected from the 
undermining action of the water. 

Ocnerai Information . — According to statements mode by Rondclct, in his *Art dc B&tir,* we find \— 

That thickneaw of the piers of a semicircular arch being s 1, the thickness of the piers for one 
and the same span will be, for — 


Gothic arch of two segments of 60® = 0'70 


Semicircular =1*00 

Elliptical depressed to ^ = 1*18 


Elliptical depressed to | 

™ ■! . ” 

Plat'band 


i-:i5 
1 40 
1'40 
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That ropreaenting the thniitt of a semicircular arch by I, the relative thrust of other arches 
will be— 


Gothic of two segments of 60® .. = O' 50 

8«unlcircuUr = I'OO 

Elliptical depressed to ^ = I'tO 


Elliptical depressed to ^ .. .. =1*93 

« to* .. .. =rl»I 

riat'band =1*95 


PottHifm of the Joint* of Rnpt>tre.^\{ follows from tho facts which we have gatliercil from 
various works, that the position of the joints of rapture in bridges of the semicircular and elliptical 
forms may l»e determiiud in a general manner by the ir»tcr»«*tiou of a |«ral!ol at the level of tho 
springing, with tho curve of tho intradew and the distance of which from the level of the springing 
i* }• i the rise according ns the rise itself is or ^ of the s))an. Culling V V' this 

vurticsd distance, wo have tho pro|>ortion : — 

V V' F 

ljl = i,V,hen™ VV' = -. [30] 


This formula is strictly in accordance with the position of the joint of rapture in semicircular 
bridges, which is always considereil ns l>eing on the radius incltnoil to 30® with the horizontal. In 
acgnieutal bridges, so long us Uicir magnitude is less tlrnn 1‘iO', tho joint of rupture is at the springing 
of the arch. 

J'rvpnriitmi of the rarKsij r<irii. — Heofl-hand* of Arche *, — Tlicse should have a greater thickness 
at the springing tluin at the crown. Tliis arrangement, which is more rational tluin ono of uni' 
furntity, gives the work a ci'rtain stamp of solidify ; this kind of band is called strengthened. 

In arcliMBof UKMiemte span, the thickness of t^e hand at the crown is made etjunl to the body of 
the arch = C. 

The tliicknoss at the level of tlie springing being rt‘prescntfd for all forma of arches by B, wo 
shall have 


n = C+ Y X 0 023; 
orB = C+.«-. 


[31] 


For a span not exceeding 4*CK> the band may be j>arallcl ; for in such a <»ae the increase would bo 
hardly apjiurent, and it seems to iia um>I<>ss to introduce such a condition into Muall works. 

In arches of a wide Kijan, 20 or 30 metres, the thickness of the lu>ad-l)and is often mode lesa 
than that of the hotly of the arch. This reduction varies from O'lO to 0*20, accoitling to the Imrd- 
ness of the materials or the (ante of the builder. While giving the work a l^older appearance, this 
rciluction in no way compromises its solidity. It is besides quite in harmony with the princtjdes 
which we have niaile known. 

Tntcituj the Exterior Curte of the /Ay»/4o»d.— In semicircular arches the cxtmdos will bo deter- 
mined by a segment, the centre of which will Im below that of the intrados by X 0 ‘025, and the 

ratlius of this arc will then bo wjnal ht R + C -b — ■ 

In elliptical briilges, first determine the ralue of B, then divide the incitmse of the thickness 
of the band, or the diflerence l>ctwcen tho thickn<'saes at the crown and at the springing, by the 
length of the half of the curve of the intnulos(measurc<l simply with the conijiasses) ; this will give 
the inrrease<»f the band for each metn'of length. Multiplying this quantity by the length, l,of tho 
half'Orc of the summit, 2. of rwrh of the other arcs of the ellipse, we shall have the thickness of the 
liand at ench change of curvature. The arc of tho summit will be determined by three points, and 
will have its centre at a; the ctnitre of the second arc will be found u{Hin the radius {laasitig 
through a. It is tjesidos determined in position by its two extremities, and its centre will then 
at a'; in the same way wo shall have the centre a", Fig. 14 Id. 

For elliptieal arches we may also trace the clltjise of the extnulos, the major and minor axes of 
which will be determined by : — The major axis = Q + 2 B, and half tho minor axis = F -|- C. 

In these kinds of arches the joints of the votissoirs should be traced acconliug to the normals 
at the mean curve of the headdiund, and not acconling to the nonnals at the intretlos; by this 
means tho presmire is distribubHl more equally on the planes of the joints. This arrangement 
rorit«p»>nd« in some degree to the inclining of the planes of the joints recommended in the learned 
work of Yvon-VillarceAU on ‘The Constrnction of the Arches of Bridges considered with reganl to 
their Ftobility.' 

For M-gm« ntal bridge* the extradns will be a j^gmont having three points, the crewn and the 
epringiufpi : its centre will be in n, Fig. 1415. 

The 1 WsotVs. — The key voossoir ought always to be a header : and, as far os {tnesiblc, the 
springers should be the same. Now the key is bIwhys like the first voussoir when the half of 
tho U>tal number of voussoirH of one hea<l minus one is' an oven niunlior. We are thus able to fix 
n priori the ouml*er of voussoire to lx; put into an arch, and tho builder will be guided by this in 
regulating the piers and abutments. 

Plinth* ond ConUma. — Ia*I the total height of the stnicture from the top of the founiUtlons to 
the Irnttom of the plinths = H, the height of the plinth = A, and the ledge of the plinth = *, then 
in all cases 

A = 0-20 -b 0 02H, [32] 

For plinths without mouldings for small stnicturcs. « = | A ; 

„ plinths with mouldings f = 0*70A. [S3] 
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Whpn it ii required to pain width and to place the parapet beyond the masonry, 
nceesaary to put a coiiiiole under the plintli, the height of wliicb conii’do will bo 0*70 A. 
P = the thickiictiB of the piers. 

Repreaentiug the height of the cordon also by A, wc shall have 



[34] 


it will 1)0 
We hare 


However, in cases in which the height of the cordon thus formed would oxcoc«l that of the plinth, 
it will be necessary to reduce it an<l to make it equal to tlib latter. 

For details of moiildiugri, wh) Figs. 1417 to 14*23. 


Dftails, — Piers : — I'liiekness of the piers at the piano of springing : — 


1st, up to 10 metres span P = ‘2*50 x 0. 

2nd, under 10 metres span P = 3 x C. 

Slope to a metro in height, 0*025, or 


Plinths and 

Total height from the top of the foundations to the nnder-eido of the plinth = H. 

Total thickness of the pUnth = A. 

We shall have A s 0*20 + 0 002 x H. 


T 1 f * 1 . i-^tu f Small works 0*50 x A, 

Le,Ige of the pl.nlh { 0 70 x *. 

Total height of the cordons A' = | of the thickness of the pier. If this thickness exceeds that 
of the plinth, reduce A' — A. 

The designs of cordon and plinth, Figs. 1417 to 1423, are specimens in which all the dimensions 
of ledges, plat-bands, and fillets are given, sup^ioaing the height A to bo unity. 



Buttreuen . — The breadth of buttresses will be equal to the thickness of the plinth. 

' O'cncni/ Observation on the t'unstruciion of Archen . — We strongly recommend the placing of bonders 
here and there in arches of wide span : the bonders should be of cut stone of a mean depth twice 
that of the materials employed in (he construction of the arches ; iron crampa, set in cement, may 
bo used to hold firmly together the stones oomposing the bonders. This Utter arrangement has 
been tested by experience. 

The arebirs of the celebrated bridge built by Perronet, over the Seine at Nenilly, one of which 
is shown in Fig. 1424, are 128 ft. span, and the radius of the circle, of which the coincident portions 
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PauKsrr DiviviKHra | 









ThiclaieBi ; 1 

Na 

Navi or rai Wouc. 


Spin of 

Ix>ngMt 

Ridiui. 


Propor* 

Mftfmlttide 


1 

' OfOis 

1 1 

1 Ofths ' 

of 

(b« 

Uk 

theRlw 

of tb« 

Of the 

' Abot« 



Arctwa 

Arcbea. 

Arches. 

to the 

Ir-nsei4 

Arches 


turats St 







Spia. 

Kadi US. 

, St the 

Crown. 

Sprtii*- 

, lag. 

the 

Sprlsn- 

Ulg. 


1st. ScMicTiicrLAB Abtiies. 










1 

BrirlKO at Romilly, over tho Cberan 

1 

3890 

19-45 

19*45 

0-50 

180^ 

1*G2 

.. 


2 

Bridge at AvignoD (Rhone) 

21 

31-3G 

15-G8 




0-74 

6-96 

20-43 j 

3 

Aqueduct of Spolcttc (Italy) .. 

10 

21-44 

21-44 

.. 



•• 

3-57 


4 

Bridge at Maliguy 

1 

2G-00 

13-00 


O-A^O 

180= 

0-92 


3-f35 

5 

Bridge at Furand^ over the Furaud 

I 

20 00 

10-00 

■■ 

p 

1» 

1-00 

.. 

8-50 

6 

Viaduct at Stockport 

22 

10-80 

9-90 


t, 


0-84 

3-04 

“ 


fViadnet nt La Man»e. on the railway) 

15 

15 00 

7-50 




0-90 

3-40 



\ from Tours to Bordeaux .. 



” 


8 

Viaduct at St. Germain (railway) .. 

20 

10 00 

5-00 

•• 


H 

0-95 

1-90 

•• 

9 

Viaduct at Bcangcncy (railway) .. 

2500 

8-40 

4-20 


„ 

n 

0-80 

1-CO 

2-GO 

10 

/Rnotlwaya over tho railway (Toural 


800 

4-00 






2-20 ; 

\ to Bo^caux) j 




” 

\0-«0/ 


11 

Roadway* under the same 

1 

7-00 

3-50 


„ 

w 

/0-G5I 

\0-G0f 


2-00 

12 


1 

500 

2-50 




0-55 

.. 

1-50 

13 

(Aancducts, or amall single arch) 
\ oridgea, under the «nmc .. ,.j 

1 

2-00 

1 00 


„ 

« 

0-29 

•• 


14 

„ „ (southern railway) 

1 

200 

1-00 




0-20 

.. 

.. 

15 

» M 

1 

1-00 

0 50 


»» 

»» 

10-401 

\0-30/ 

-• 

0-55 


2.>jd. ELumcAL Arciifj. 










IG 

Bridge at Gignac, over the Hcrault | 

2 

48-72 

25-34 

35*89 

12-07 

13*301 

12*07/ 

0-275 

■* 

1-95 

7-80 

n-05 

17 

Bridge At Nenilly, over the Seine .. 

5 

38-98 

48-73 

0-75 

0-250 


I-G2 

4-22 

9-83 

18 

|Bridgc at Port do I’ilca (milX over) 
\ tho CreuBO / 

3 

3100 

21-t» 

11-00 

0-355 

60® 

1-30 

5-50 

7-30 

19 

iBri<lge at Auzon (railway), over the) 
\ Vimne / 

S 

20 00 

14-50 

fi-07 

0-333 

*» 

MO 

2-60 

10-80 



(20-501 








20 

Briilge at Bordeaux 

17 

to 

|20-80) 


8-81 

0-332 


1-20 

4-20 

.. 1 

21 

Bridge at Chavann^^ 

7 

13-00 

9-4.3 

4-55 

0-350 


0*C5 

4 -.55 

G-50 1 

■22 

/Bridge over the Bnischo (railway ini 

\ Alsttco) / 

/Bridge over tho canal at EllcsmenO 
1 (EiiKUtKl) / 

4 

10-00 

7-14 

3-00 

0-333 


0-72 

1-50 

2-70 i 

23 

1 

4-DO 

3-CC 

1-83 

1 

0-373 

■■ 

0-31 

5-00 ! 

0-92 1 

24 

Pont dc I'Alnui, over the Seine 

1 

2 ' 

43-00 

38-40 

53*75 

50-5G 

8*60 
7-70 j 

0-20 

0*20 

;; ! 

1-.50, 

1-50 

.. 

lo-oo}. 


3rd, SEOMKNTAn ARCUta. 




! 


j 





1st. 120" and over. 

1 



i 

‘ 

1 




25 

Bridge over Donx, near Toumon j 

1 

47-78 

24*00 

19-82 

0-414 j 

15r 34' 1 

0-85 


.. 

2G 

1 

Bridge over tho Conon (England) .. | 

5 

1 

one 1 
ll9-82/j 

1110 

1 

G-10 

0-307 J 

127® 12* ' 

0-92 

2-44 
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BbIIXIES, VlADlCTD, AND A(jrEHCCT* OONSTBrcrra) IK EtBOI'K. 


1 



DnfKXBiovs Acoueotso tu oca FoaMcnii. 

1 




Depth at ih« 
Crovn. 

TbIckneM at the 






Plane of the 






RAltlUA 








lt»te 



Taking 

Ina u> the gmrnl 



Nature <>f the MeterUU 

Cm- 

Nam« of ArcfaHf^ saJ 

to deter- 

Aexord- 

Into ~ 

value of C 




•troc- 

Uun. 


Iiefitb at 

the 

the 



OlMvrvationa. 




Cnnra. 

Uetieral 

For- 

Kadlof 
aivd the 

OrUM 

Her*. 

Of the 
Abut- 








kliUe- 

rlala. 

tneiiU. 












/0-30 + 0 07 R. 
\0-:« + 0-08 R. 


Frccatono .. 

1785 

(•BTCllft 

19-45 

1-66 

1-65 


7-03 

E = 0-20 + 0-30 


»» 

1177 

iBi'ticdic. Tl»t*abnt-1 
\ menu Include walls 1 

15-08 

1-40 

1-24 

4-20 

5-74 

(R -f 2 C) 

p 1 ^ 9: 




( The ptm gf thU iique- 






\3-00 X C. 



741 

1 doct arr 89 high. 

1 witli A base of ihp lame 
j thirJctMnw anat Ibf 
1 iit^ ; ibe total 


•• 

•• 



1 The abiitnamta should 
< huve an exterior talus 
1 of 0‘ 20 per metre. 




1 tbe works 130 







FrccHtono 

.. 


13-00 

1-21 

0-98 

363 

4-83 



n 

1834 

Montlniri&nt .. .« 

10-00 

i-oo 

0*70 

300 

3-80 

( The piers should haro 
\ u talus of - 4 ^. 


j Urickfi, ftml a uuall ) 
\quantiky of frewjtono/ 


1 Mean height of the 1 
1 |jiers = 20 metres. > 
( No talus ) 

9-90 

0-99 

0-82 

2-97 

3-76 


Slightly hewn atone 

1847 

5Iorandier .. 

7-50 

0-83 

0*80 

2-49 

2-95 



1 Unhewn millatono i 










< grit, ordinary > 
1 hydraulic limo ) 

1845 

E. Flocbat 

5-00 

0-70 

TOO 

210 

209 



Hewn stone 

1845 

/ Thoyot. Talus of 1 
{ the piers = 0*04 / 

4-20 

0-64 

0-41 

1-60 

1-81 



Slightly hewn stone 




4-00 

0-62 



1-72 



n ti 


( Thickness of the 1 
\ abutments uniform / 

3-50 

0-59 

.. 


1-58 



n w 



2-50 

0-50 



1-Z4 



Unhewn stone 



100 

.. 

0-30 


0-70 



Slightly hewn stone 


Carrallo 

100 


0-30 

.. 

0-70 



Unhewn stone .. 

(1777) 

1 With light nmsecs 1 
\ of embanking / 

0-50 

0-34 



0-55 

C = 0-30 -P 0-05 R. 
B = 1-180 X Q- 
1-360 F. 


Freestone .. 


Garipuy 

39-CO 

2-28 

1-28 

6-84 

13-15 



17T«1 









1774 

PcjTonct 

32-90 

1-94 

1-94 

5-82 

10-90 




1848 

( Beaiulemnulin and 1 
\ Croizette-Dcaiiojcrs / 

21-00 

1-38 

1-38 

414 

7’50 



Hewn stone .. 

1818 


14-55 

1-03 

102 

309 

5-18 



( Bricks, with free* \ 
\ stone bonders / 

1813 

to 

1822 

Descham])e .. .. 

19-30 

1-26 

1-20 

3-78 

6-75 



Freesttmo .. 

1787 

Gnuthey 

9-17 

0-76 

0-52 

2-28 

3-40 



Bricks 

1845 

Bozaine & Chaperon 

7-76 

0-6aS 

0-50 

1-70 

2-94 



»» 


Telford 

3-28 

0-47 

0-35 

.. 

1-47 



1 Millstone grit, with! 

1S55 

/ Do l4ignIif«erio and 1 

/80*50 

2-27 

2-00\ 

GOO 

U-10 

( Millrtonc grit with Vtmj 


\ \assy cement / 

\ barrel / 

\33-00 

1 95 

1-65/ 

t crmetit offcri u much 
* re»UtaiK« a» frwetgbe. 










0 = 0-30 + 0-07 R. 










E = ^ ■ 


Slightly hewn stone 

1545 


24-06 

1-98 



8-60 

2 sin. a 

Q 


Freestone 

1809 

Telford 

11-10 

1-08 

0-72 

2 16 

4-18 
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Comparative Table op thb PBiKCtrAL Dimevsiohs op Bridgee, 




r*MKXT PlMISMOKt. 









TbkkncM: 







Propor- 

Meimltode 



Oftbe 






Rlw of 


gf iIk Arc 

oruw 


No. 

Nami or TQB WuUL 

of 




of the 


Abet- 




zVrcbcgi 


ArcbM. 

to the 


Arcb4*s 


menu at 







Span. 

tUdlUA 

Crowo. 

ISpilng. 

lug. 

the 

Spring* 


2im 1, from 12(F to (KT. 










27 

(Bridge at Verone, near Vieux-l 
\ Cliateau / 

3 

/ one \ 
\44-50/ 

28 -62 

10-90 

0-245 

102° or 

1-62 

U-05 

10-40 

28 

Bridge over the Taaf (England) .. 

1 

46-47 

29-42 

11-37 

0-245 

104° 20' 

1-13 

.. 


29 

specimen of {lassage over railway .. 

1 

15-20 

10-75 

3-15 

0-207 

90° 00' 

o-t*o 


4-65 


3ni, from 90° to 60°. 










30 

Covered bridge at norenee (Italy) 

3 

29-25 

21-20 

5-85 

0-200 

87° 17' 

1-62 

7-85 

8-77 

31 

(Bridge at firosvenor, over tho Dec! 
\ (England) / 

1 

6100 

44-23 

12-20 

0-200 

87= 16' 

1-22 

•• 

14-G4 

32 

Bridge at Munich (Bavaria) .. 

3 

31-20 

26-00 

5-20 

0-107 

73° 44’ 

1-30 

2-92 

9-75 

33 

Bridge at Glasgow 

3 

17-70 

13-33 

3-35 

0-189 

85° 10' 

0-76 

2-75 

3-81 

34 

Specimen of passage over railway ,, 

1 

1200 

10-00 

2-00 

0-107 

73= 44’ 

0-75 


1-90 

35 

Bridge at Brunoy 

3 

5-85 

5-85 

0-79 

0-135 

60° 00' 

0-65 

i-is 

3-25 


4th, fmm 00° to 40°', and under. 










3ti 

Bridge at Uomps, over the Ande .. 

3 

21-40 

21-40 

2-87 

0135 

60° 00' 

1-30 

3-57 

8-77 

37 

/ Bridge at Val - Benoist Railway \ 
\ (Belgium) *. J 

5 

20 00 

20 00 

2-08 

0-135 

60= 00' 

1-00 

2-50 


38 

\ to Boulc^e) / ^ 

1400 

13-85 

1-90 

0-136 

60° 44’ 

0-70 

1-75 

COO 

39 

Font d’Jena, over tho 8<?ino (Paris) 

5 

28-00 

31-35 

3-30 

0-105 

53° 05’ 

1-44 

3-00 

9-75 

40 

Sjtfioimeu of jsissage under railwav 

1 

8-00 

8-70 

1-00 

0-125 

50° 8' -40’* 

0-70 


2-40 

41 

„ „ (Northern Railway) 

1 

7-40 

8-50 

0-90 

0-122 

51° 36' 

0-65 


3-86 

42 

(P<mt an Double, over tho Seine) 
1 (I’ari*) / 

1 

31-05 

41-07 

3-00 

0-096 

43° 42’ 

1-GO 

•• 



( 

1 

31-18 

42-20 

2-99 

0-090 

43° 20’ 

1M3 


■■ 1 

43 

Pont de la Coneorde, Seine (Paris) < 

2 

28-26 

38-80 

2 '60 

0 094 

4’2° ;t!t’ 

1-05 

2-92 



2 

25-34 

42-14 

1-95 

0-077 

35° 00' 

0-U7 


10-24| 

44 

Bridge at Morr-t, over the lA>ing .. 

3 

25-30 

46-77 

1 85 

0 073 

31° 20’ 

1-30 

2-43 

_ 

45 

Bridge at Nemours, over the Loing 

3 

lG-24 

30-21 

0-97 

o-oco 

15=35’ 

0-97 

1-35 

4-87 


rtf the outer «e^enUl Arch are iiarU, ia K!0 ft. A cotupAriiion of this bridge Kith a bridge on the 
Himc plan^ after the designs of Hot, will be found at No. 17 in the Table, page 6U8. 

Along the lino of the Highland lUilwaj numeroua bridges and viaductit Iiato had to bo 
erecUnl. Fig. H25 is of the via<lnot which snanB the rirer Conon, in Rosa-»hiro. From circum- 
etanccA it wa« neocHNary that this bridge Khonld croaif the river on a skew of to the stream, and 
AO there were r»>ck foundations, there was no diflRcuHy to contend Kith i>ey(Mid that of 4 ft. or 5 ft. 
of water in the channel of the river to ri'aeh the rock. The peculiarity of the skew with the river 
at this place could have been more casilv provided for by the adoption of iron girders from pier to 
pier, but ns it was found that iron gilders would be fully as expensive and not so |»ermanent 
as a stone bridge, and as there wen^ fulmirable nimrriea in the neighUmrhood. Joaepb Miteht'U, the 
enginwr of the line, resolved to construct this bridge on a skew of 45° with the river, by a scries 
of right-angled rilst or arch<^ s|)anntDg fn*m pier to pier. The bridge consists of five arches of 
73 ft. sfian each, the nrehos being constructed of four ribs, each 3 ft U in. wide : the an*h shmes 
are 4 ft. deep at the springing, and 3 ft. deep at the crown. The key-stouos of the centre part of 
<*aeU arch were mmlc to connect with each other, as wore the stones in the haunchinga of tho 
arches, and some cram^is of iron were ins<‘rted at the joints to connect the rib*. The work was 


Digitized by Google 



BRIDGE. 


701 


VlADUCTi, AND AQUmi’CTB CONSTBrCTED IK EfROPE — ConttHHOi. 
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Buc^v^wfulljr ftm>m|)li9hryl, nml eonstllntoa a very perfect piewv* of briJffo maaonry. Tbo total 
ii>n^h of *tho bricl}^ in 540 ft., arul the boight 45 ft. from the be«l of the river. The north 
abiittm nt U foumbnl 804 ft. lower down tbo river than the aoutb. Tbo whole bridge was con< 
atrticb'd for a single Hno of rails. 

J. A. Stfgtrm of : ihf Pamholic 7V««t. — I^et aeh and a <16, Fig. 1426, ropre- 

aont parabolic curves of the same deflj'ction and span. The upjK'r curve fonus an upright orch, which 
)Tvwi* against the )>o{nts a and 6. If tbeae points are connected 
»y the chonl «i 6. and this chord balancf-* the prt^ure at a and 6, 
the chonl and the arch will lx* in equiliV>rium and at rest. 

Tlie inverte*! paralx>Iic arch a dh, frt'oly suKjK'nde*! U-twK>n 
a and 6, will, on the other hand. pnKiucc an inside pn'ssure u|>nn 
th(^ two j>oint0 of HUp|tort. If the two arches art‘ ot^ually ami 
uniformly Itsuled, th<‘ir Mtrains at a and b will be the same, and 
in the direrti<»ns of their n‘»|>ective iangt'nts <»/, b f, and «i c, c6. 

We may thert‘f<»re ivnmve the chord <t 6, and in its place sus]>en(l 
the arch adb; then tl»e outwanl pressure, exertwl by the upright 
arch ufsm<i and 6, will lie met and balnnce<l by the inward jirea* 
sure ot a and 6, nroduct'd by the suHfHmdwl arch a d h. The 
two arclies are tnerefore in equilibrium, without any inter- 
mediate chord. 

In a ls)wstring ginlcr or arch nearly the »ine amount of material must be expended in the 
chord a b which is nv|uirc<l in the arch itself. Hut the chord a<lds n<ithing to the supporting 
power of the arch. On the other hand, by suspending the subvorteil arch <i d 6, we may dupemne 
with the chor<l. and at the same time we have </om6/ci/ the supporting |K>wer <tf the system. Tho 
gnat <'Oomany of the parabolic Ixtim is therefore apparent at a glance. All that is requirwl in 
practice is to provide stifHcjent panelling, ami light bracing inside <^f the arrhea. in order to 
preserve thei/ form and tn[uilibrium under variable loads. It will l>e shown hereafUT that a gn-ater 
anxjunt of materia] must be expended to obtain tho same strength In other systems of girders 



and trust's. 

To aKcertain the forces of tension and compression at n and b, produced by tho upright and 
ans{H‘mb’<l arch, <Iraw the parallelogram a/6c, the sidt^ forming tangents to the curves. Tho 
prcssim's cau»e<l by the upright arch will then be r<‘pri*««'nt<Hl by <i / an<l 6 /. and the ten.iion 
catfN'd by the suspended arch is meosur«*<l by «i e and b e. Supjiose the weight W to ropresont tho 
whole weight of the upright arch, then this weight will act through the linear brac<*s fa and fb 
upon a ami b, and its relative magnitude ia repn^aenUvi by the diagonal f K. which is the resultant 
of the two forces / a and / b. Let the pressure at a or 6 be denoted by P, then is W : V = ef: a f; 

and therefore, P = W . Ivct t represent the deflection, or verse sine, ye or ffd, y — half tho 
chonl ay or y b; and suppose the curves to bo pnral>olas, then y e will be equal to c /, or, 
X =: J<;/=iyE; and o /* = a -f </ /’’ = y* 4- 4 x*, or, a f ^ J y* + 4 x*. ^ulastituting this 

value in the equation for P, and 4 x for c /, wo have P = — tj y* + 4 x*. Tho tension T, 

4 X 

cau-M**! by the sus|H‘nd<><l cable at a and 6, is equal to P, and found by the same formula. 

As an example, let us suppoite the span of the arch to be 500 ft., its verse sine 50 ft^ and its 
total weight 500 tons; to find tho pressure or tension at the points of sup|X)rt, we then have 


Psi 


500 

4 X 50 


V. 


250 + 4 X 50. 


p = 500 X =500 X 1-34. 

200 

P = 670 tons. 


The figure 1 *84 represents a variable coefficient, which ia dependent upon x and y, but indej^dent 
of the weight W. ne may theit'fore, for <v)nvenience sake, compose a table of cwfticients which will 
facilitate rnpki calculations. The following Table gives the coefficients for versed sines of | of tho 
span to 

V.S. » i A *!>,***■ 

Coe. 1 118 1-23 1-340 1-463 1-58 1-70 1-82 l-»4. ' 


As an example, suppose a span of 1000 ft., verse sine or 125 ft . and load 1000 tons. The 
coefficient o( pressure or tension in the Table is 1 ' 118, lltercfore the pressure or tension ia 

1000 X 1-118 = 1118 tons. 

As another example, snppose the xsiroe sfinn and load with a verse »ine of of the span = 
GG'GO ft., then the om'fficient in the Table is 1 *94, and therefore the pressure or tension is 
1000 X 1-94 = IfHO tons. 


It may be neewwary to calenlutc the exact length of the arch, suspended or upright, meoaured 

by the curve. Ixt Z denote one-half tbe length of the curve, then is Z = y* + ~ x*. This 

formula appli<^ to a parabola, and is mixh more simple than the formula for a true catenary. It 
is anflleieriUy correct for practice, provided x is not greater tlian y. 

To determine tho denection x from the length of the curve and of the span, the following 
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ct]uali<m will anawrr : x 




Thw*e fomiulaa arc noedod in ordor to onlculato tlu» 


riw* or fall of an arch, duo tn ita oxjwision or cnntrarlion fmm varialiona of t«'m|« ratur»*. 

This din^^ram ri pn^ nta bnlf a pAral»ol», with its ordinatt** and aWUaaa, Xow it is a 

prnp*rty ttf tho paraWa that jr : j' = y* : y’* ; from this wo deduce x‘ = y'*; also, V'**; 


and «> on. M'licn, therefore’, t Bn«l v aro known, wo can caiculah* tho onliimtos x\ x", x”', x‘», hir 



tension or comj>ro(stion is thus found to increase gradually from the c<mtro to the )joints of 
Bupiiort. 

hy laying down the curves aociiratoly on a large scale, all the different strains may bo meosun d 
by the scale sufficiently arenrate for all practical purpoHt‘8. 

(ienemt l)^»cripUm . — The three njwmngs of this bridge are spanned by two |mralIol continuous 
pamlsilic trusses, 1181 ft. in length, at a distance of 14 ft. apart in the clear: the floor beams for 
snpjsirt of the track resting u|»on the lower chonls. This sufierstructuro is firmly fixed upon ono 
of tne two middle pii>rs, while it rests nn*m mller-platea on all the other piers. This arrangement, 
therefore, admits of free contraction an<l ex|win»ion, catiwxl bv changes of tem]s>mture. It will iio 
noticed that the towers which supi»nrt the cables on the mitidlo piers, form iotegVal parts of tho 
movable structure, and ci^nsc(|ueQtly will ehaugi* their pOKiliou m unison with the otlier parts of 
the work, wlien aflivt«l by contnvetion nr ex|aTision. The cables together with the archva form 
one nnitisl system, all moving togetlier iinifonnly when thus infiuencetl. 

The railway track is »upporte<l at intervals of 5 ft. by rolled iron beams of 12 in. depth and 
21 ft. 5 in. in length. The rails rest u(K»n wooden stringers, 12 x 12, which are strengtheneti in 
depth by timlH^r briilgings, 6 x 12, fitted in between the iron beams. A longitudinal iron l>eam 
of y in. depth unilennath tlie bridging, susp'n led by Udts to tlio womlen stringer, odd.s further 
to the depth of bearing, which is wante<l to distribute the concentrated weight of the locomotive 
drivers, and thus dimiiiUh tlieir kneailhig action. Kvery sccotmI cross i>cam is sus|H>utled to the 
cables by means of susfK-nders. but each of tho beams U also firmly riveted to the lower chords by 
sixtf>en rivets of | in. diameter. This uutou forms the only connecting liuk between tho arches 
and the cahlia. 

There is one truss on each side of the track, and each is double throughout from end to end, 
leaving an o^xm s|>oce 21 in. in width between the posts. In tho centre of this space the cable is 
freely sirspemltd in a vertical plane, {larnllel to tho trusses; the sus|>onder8 run <lowm in the same 
plane; so also do the wiru>roiH5 stays, which |)es8 over the towers below the cables. Where tho 
stays cross the suspcrrHlers, tney art! unittd with them by wire WTAppings, for the purpose pre- 
serving their straight lines, ami to prevent oscillations. 

Tho principal fiatures, which give snpporting strength as well as stiffhess to the trusses, are 
the arehca. 'I'he cable**, which co-operate with the arehes, are designo*! for strength alone, with- 
out adding much to stilfness. An a«l<litionnl source of strength os well as stitTiiess is nbtainetl by 
the wire-mjw stays, six on each tower: thest? arc also very efficient in preserving the r‘«)uiUhrium 
between the spans under tho action of variable UvuLa, and also in relieving tne arches at tho 
haunches, where assistance is most needed. 

At the extreme entls of the trusses four light double wiro-ropo stays are added to give addi- 
tional strength and stiffness tn those points. 

At the first glanct! this plan may app<>Ar a complicated arrangement, deft^ating its owm end by 
tho want of intemul liarmony among its different parts. Hut no view could be more mistaken. In 
place of exhibiting a want of luirmnny, this system will l»o found in its practical working so 
oo-o(>erative anti mutually snpporting in its various parts, that nothing will be left to desire. No 
system is possible which, under the action of ptuutitig ami variable loads, will i>c affecUHi wiili 
perfect uniformity in all its parts, so that all tiie different members will be exposed to the same 
uniftirm projvortional strain. I’niformily of strain in a plate-girtler, in a lattice-girder, or in any 
other triangular or panelkd truss, is out of the question. The arch alone, upright or suspended, 
comes nearer than any other system toward fulfilling this crmditkm. When a load is placed ufsm 
any one point of the arch, the compression or tension thereby j»rodueotl upon its section will be felt 
nearly alike throughout its whole extent, so long as its statical form is maintained. The capacity 
of the arch to maintain iU form is strongest about the centre. Impreosions upon the haunches are 
more apt t>) produce dislocations iu tdher corres)M>iiding |*arts. To meet this weakness, stays are 
introduced next to the towers. 8o far as they extend, they arc strong enough to sup|s>rt the 
maximum weight of that part of the structure ns well as the load. Each stay in connection with 
the floor and tower forms a fixed triangle. This simple system of stays, as here designed, is the 
perfection of truhsing. Nothing can oe more perfect, or more simple, effective, and economical. 
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In the Niftpum, Cincinnnti, Ami Alleghanv bridges, the condition* upon which the true action of 
(tUy* depend at«? only |iartinlly fultilltHl. )H-<*nu»e <if the diffew'nt timU-rinl of the towerw nnd the 
neutmlity of the dof)r. And yet with thc«c drawlmckx. the stny* in tbcac work* anKwer auch an 
mlroimblo puqtnee, that they enuM m>t Ih> anpplnntoil by another armn^eiin nt. But in the plan 
liefore ua all jmrtH art' coin{iOM>d of the aame material, nnd are bHowchI to expand and to contract 
freely, and conao(|uently their honnoniona action cannot Ikj di«turl>e<l <nj tliat score. 

Suppoae the motion of the arch waa double<l, nnd miule strong euonjrb to support a maximum 
load B!id the au|)er8truoture ; and suppoae, further, tliat it* ciula wt?rc connected ny a chortl stmns? 
cnoutfh to renist the thnwt: all that would then be needed would, by common consent, be span* 
driU of suflicient stiffness to pit-serve its form under the action of voriahle lomis. No enffineer 
■would doubt the stahility of this simple arch. Now. in the plan before iw, wo employ the feame 
arch, but of only half the section. This deficiency of strencth is made up by the stw|x-n<led arch ; 
nnd in place of heavy H]mndrilH we intrraliice a light paneUtrussing throughout its whole exhmt. 
which will be found more effective in reality than any system of smndrils can tsswibly be matle. 
This panel-tniaxing, judging from experience on the Niagara Bridge, will be found abundantly 
effi'Ctive to preserve the form of the arch. If there were no adjoining sfiatis, and if there were no 
n^-cewity for t<*wers for the support of the cables, nothing more would be needed. But the towers 
Isung there, the application of stays becomes at once one of the m«»it i*cononiical as well as most 
efficient m<*HUs to still further secure the stability of the whole sysb-m. Only fourtc-en panels arc 
left without stays in the centre opeming, reducing this distance to 2X0 ft. In this sjswe the arch 
and the nam-Uwork have to maintain their fonii alone, not counting upon the assistance of the 
Ottbles. With reference to stiffin-ss alone, the plan before us may also W constderod in the light 
of a simple Uiwstring'girder. with this differtMico in favour of the Barubolic Truss, that the 
liaunclies of the arch are greatly assisted by the stays. 

The lianiiony of action Is’tweeu the arches nnd cables, when nnder the influence of varialdo 
lomis, now remains to be considered. Inside of the siwee of the eentral o|Mming. Is-twc-en tlie two 
longest stays, a distance of 2X0 ft., a want of mufr«rmity of action is utU*rly impossible, liorausc the 
li-nst impression ujK.n the arch will be ciiiinlly felt by tbe cable throughout its whole uxb-nt, ami 
will Iw clu-cke*! by the upwanl resistance of the superstructure. As the cable becomes depresse<l, 
every other point temls to rise, but is preveuU-<l by tbe wi igbt and stiffness of tlie truss, the arch, 
an<l the isim-lK. Considering now that the weight of the middle span is WO tons, the local impres- 
sion romle bv a 40-ton locomotive will be no more than is duo to the natural elasticity of the material 
com|»osing tlie truss. The cahlc>s being the moat sensitive members of the system, their action will 
greatlv h-nd to spread every hx^l impression over a large extent, and thus neutralize its effects by 
engaging all jmrts of the system to resist. 

Ho far as the stays extend, no local deprf-asion whatever can he pnNluce<l, l>ecau8e every attach- 
ment of stay f<»nns a fixed point, which, in connection with the archc-s, cables, and pauel-bmccs, 
will 1 m) found sufllcicntly rigid to resist the severest hx^l action la'yond that due to the natural 
elasticity of the materials. Bocbling is positive In this sUtement, b^usc bis observations on tho 
Buspension-bridges he built fully justify him in making it. If any one will take the trouble to 
acrutiuijx- the action of the Niagara Bridge under the passage of a single hcavv locomotive and 
tender with suflicient care and attention, ami. by means of a levid placeil in one o? the towers, will 
olwwrve the progn^ssive depressions of that structure, which take plact* from the tower toward tho 
centre, ho will discover scarcely anv depression inside of the rvaeh of tlio smya. Beytmd Uio stays, 
toward the centn.*, the depression mcn-nses rapidly, and becomes gn*ateat in the wntre. Similar 
facts will be notictsl on the Cincinnati Briilge, under tlio action of a number of heavily-laden 
team.s, following each other in close succession. 

The cables and stays an* s<*curelv fixwl upon the cast-iron saddles, which ore mounted ujxm 
the tope of the wrnught-iron towers \>y means of cushions, hehl down by screws. The lieiglit of 
the towers Ix-ing 62 ft. alxive the base, and the supporting columns of an elastic material, they 
will yield a little, when one span is fully taxed with a maximum load, while the adjoining spans 
are empty. This yield will l»e im]XTceptible to the eye, hut will no doubt l>e suwx'ptible of inea- 
8im*mcnt. And as this movement will not roMilt from the free working of the different rocmlx'rB 
of the system, but will l»e entirely due to tho elastic yield of the mnlorials, it may Ik* n'|>caled 
indefinitely without impairing the integrity and safety of the struclure. 

Sineo wire jtnsseases a much gr<*nter degree of elasticity than bar-inm, one very great advantage 
of the cables and stay* will be, that ordinarily, when not tnxixl by any loml. the greater part of 
the weight of the stnietun* will bt» Isime by the wire. Under the action of light bsuls, the cablea 
ami stays will continue to bear the grealcr shart>; but when laxetl with heavy trains, then the 
arches will also ivceive lln ir full pnns»rtion. When the structure is relievwl, the cables and stays 
will Again c«mtract and supiiort the largest slutre. And so long as this process is kept within tho 
limits of natural elasticity, allowing for an ample murgin, the structure will remain jiorfectly safe 
and intact. 

Each of the two cables is represented as comi»o8cd of nineteen wiro-rope*. Ro|»es will be found 
in practice to be the most ccx)nnmieal nn*ans of fonning the cables, also the easiest to put up. and 
the quickest. Cables lumie of wir<> laid (lamllel may also be constructetl by those who liavo 
exjjerience in this pnx*esa, and know how to make a good cable; but the same amount of wire 
laid pamllel into cables will give less strength than the same amount of wire laid inhi ro|je, 
prr>vid(<d the lay in the latter is long, and that its manufneture has lx>en conducted with tho 
neceosory care and jiro|M-r machinery. It is ini|)osbible to obtain perfectly uniform tension in a 
parallel cable, but it is poseiMo to do so in a rope. The cost of the two, |»cr |iounJ, will be about 
the same, aisl of course the strongest should be pnrferred. 

In place of making the cables of wm-, they can also l>e made of iron or steel Imiids, provided 
the bands are rolled full lengtli, an tliat they can l*e laid into the cable without splicing. The 
rolling of bonds, soy 4 in. wide and I in. thick, and 1000 ft. or more in length, is a process which 
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hna never been nttempt- 
etl. But tbU |mx*etM u 
perfectly pmcticmblc uu 
a cuuttuuouii mill enn- 
atr\iot(Hl on tbo same 
principle aa ia Bedaon’a 
train. 

The greatest depth of 
the Mtiperiitruoture in the 
central 8 |mu is 44 ft., 
while iU width is only 
21 ft. 5 in. It is plain 
that this width is not 
enough to ensure sulh- 
cient lateral stability in 
Iieavy storms, or to pre- 
vent all horizontal oscil- 
lations under the passage 
of rapidlv-raoving trains. 
It must be nlwerved tlint 
we are explaining the 
principle of Kocblingon a 
bridge with a centre open- 
ing of 500 ft. and two side 
optmings of 300 ft. each 
in the clear at low-water. 
Where one or two tracks 
are wanttsl for the ac- 
commodation of common 
travel, in connection with 
railrua<l traffic, either the 
floor for common travel 
may be placed overhead, 
above the lailmod floor, 
or on tlie same level. If 
the latter arrangement is 
prcferreil, then an in- 
creased width iK'Comes 
necessary, and this will 
still more add to horizon- 
tal stability. To ensure 
lateral strength. Figs. 
1428, 1429, two wife- 
cables in boriznntal para- 
bolic curves have oecn 
laid down, anchored to 
one of the piers, sus- 
pended to the loa'er floor 
and fastened at intervals 
to the beams, which will 
enstiro an ample degree 
of safety under all cir- 
cumstances. These hori- 
zontal cables, forming 
one system with the floor- 
ing, will expand and con- 
tract alike witli the su- 
perstmeture; they can 
cona^uently be screwoti 
up tight, to ensure their 
efficiency. 

The top chords as well 
as the arches are suffi- 
ciently braced among 
themselves, horizontally, 
to impart to the super- 
structure a tlogree or in- 
ternal rigidity; and the 
same sysU^m is also car- 
ried out vertically be- 
tween opposite posts, 
every 20 ft., so far as the 
arches riise oAvc# the top 
chords. 

Supptyrtinfj Pover of 
/?tay9. — Tlje plan of stays 
is iUnstrated by Fig. 
1430: a 6 represents the 
tower; a A, the floor, at 
right angles to it ; and 6c, 
6rf. 6 /, 6^, and 6 A, are the 
six stays, their respective 
lengtlis marked in feet, 
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frftctioiMomitte*!. It is plain that the supportinp jjower of the diflTeront stays is mcasuwt by 


the ratio of the height of tower to their different 
lengths. Thus, if we denote the Hupjtorting power 
of the slay be by P, its ultimate strength by I', wo 
GO 

have P 1 U ! * 00 ! 63 ; and P a ^ * 

In the same way|for P : XT j: 60 : 72; and 

P = u - . 

72 


The ultimate strength of caeh of these stays is 



ing power as follows ; — 



u 

C 

d 

< / 







Too*. 

I-’or 6 c = 


fWK) 


63 

— 

95-23 

„ 


GOOO 

+ 

72 

= 

83-33 

..be = 


6000 

4* 

85 


70-58 

.. 


GOOO 


100 

— 

60 00 

« 6 •/ = 


6000 


117 


51-25 

„ bk 


6000 

4- 

134 

= 

44 77 

Total supporting power 

ofO 

stays, in tons 

.. 


40.')- 19 


24 





1620-76 

Allow 1 of ultimate strength 


.. .. 

.. .. 

324-15 


Each stay produces a horizontal strain upon the lower chonl. which is to its supporting power 
or vertical action, as is the base of the triangle to its height Thus the horizontal action of the 
stay 6 c is repres(‘nto<l by the base-line a o s 20, and its vertical action by u 6 s 60, and its direct 
action by 6c = 63. If, therefore, the horizontal action is denoted by x, we find its value for 


6 e 
bd 
b e 


V 

bh 



X 

X 

X 

X 

X 

X 


100 X 
100 X ff 
lOO X •§ 
100 X 

loo X iyy 

100 X li? 


Tona 

31-74 

55-S5 

70-58 

KO-OO 

85-47 

80-55 


Aggregate ultimate borizontal action of 6 stays, in tons .. .. 412-89 

Allow ^ 82-58 

Tona 

The weight of the central span is, in tons G42 


■\Ve will aasnme it at 650 

The greatest possible tmnsitory l«xwl which can be placed upon this spon 
would ho a train of locomotives, estimated at the rate of 1} ton a 
lineal foot, or for a length of 500 ft., at 750 


Therefore, aggregate weight of superstructure and load .. 1400 

Deduct the supjiorting |K)wer of 24 stays, allowing of their ultimate 

strength 324 

Leaves for the support of the arches and the cables .. .. 1076 


In order to avail ourselves fully of the economical principle of the Parabolic Tms^ it is very 
evident that the tension pirxluc^xl hy the rabies should be exactly l«lancwl by the compression of 
the arches, because the one supports the other. This exact lialance of the two forces mu.st exist at 
the anchor-plnh-a, loeated at tiic ends of the superstructure, ou the abutments, or on the piers, 
which serve os such. 

These plates firmly hold the ends of the (mbies, and at the same time serve as supports for the 
ends of the arches, ’t'o furtlier simplify this investigation at its present stage, we will assume 
that if the tension of the cables and the coiiipremnn of the arches arc equal to each other in the 
central span, then also the same Wlance will exist at the anchor-plates. This is not strictly the 
fact ; hut for the purpose of making the question plain, and to avoid Intricate matbcmatical 
fommlas, such ns woiibl not prove ]tnlntable to the practical engineer, and would, moreover, mid 
nothing to the accuracy of this investigation, but, on the contrary, would tend to obscure tbo 
subject, at pres(!Qt. however, we aasume it to 1)6 a fact. 

The length of span from centre to centre of towers is 530 ft., and the defloolion of the cables is 
60 ft. The ratio of dnfli'Ction, therefore, is 1 : 8-83. From the table of coefticienU. we find the 
ratio of weight ami tension for ^ = 1*23. It will be near enough to assume it here at i *22. 

Thu sjjan of the lowest tier of arches is 516 ft., and its versed sine or rise 40 ft., and the ratio 
of deflection is 12*90 ft. The currespoiuIlDg coefficient of compression in the table we find to 1)6 
1-70 ft. 

lict us rt*preaent the weight to be borne by the cables by x, and the weight to be suppr»rted by 
the arches by y, then will i>o the tension of the cables = 1 '22 x, Uie oompreasion of the arches 
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1 ‘70 j/. And since the condition u» that the tension of the cabies should equal the comprosaion of 
the arehfM, therefore is 1 js TTy. But the ajjgrefrato >»reijrht t<» 1 h* liome by the airh»*H and 
cables was found to bo I07d tons. Therefon\ x + y =t 1070, or y = 1070 — x. Kubstitutc tliis 
value in the prt‘Vioua t^juation, uud we have 1 *22x = 1*7 (I07C — x), oihI x = 02C 43 tons; and 
also, y = 1070 — 020*43 = 449 ’57 tons. 

From the foregoing we now find that the U*nsion the cable is 020 ‘43 x 1‘22 s: 704*24 tons. 

CotnpresKion of the arches is 449*57 x 1*70 = 761*27 tono, 

both about the some. 

Tlie nnestion may he naked here, why the weight reating npcm the arches and cables is not 
equally aividtd? If this wua dmie. then it would l>o necessary to observe the wiine ratio of »i>an 
and verm-d sine for the wiblcs m well as for the arches. But this would reduce the deflcWiuu of 
cablea, uud theitrby diminish tiicir aup})orting power : or it would inoreow the rise of the arch 
and make the struct^m* too to|>-hea>'y and too deep in the centre. On further investigation it will 
be discoverfd tlmt the proportions here assumeil are efficient and economical. The more weight 
thnwn upon the cablw, the cht*a|s*r the stnictim< will he. But at the same time a certain amount 
must be rescrnrenl for the arches, else they will lie too light, and the balance bi>twe<>n the centre 
sjian and the side s(>ans may be ciHlangend niHler the action of heavy transitory luotls. 
cable is composed of nineteen smaller cables or wire<-n>pe(i. The maximum tension of each ro|>c is, 
therefore, “tk 4- 38 = 20* 10 tons. 

Allowing six times the strength, wo have tlie ultimate strength of each rope, 20*10 x G 
= 120*00 tons. 

Elach arch is compoawl of twelve channel-ljars, 9 in. deep; we therefore find the maximum 
tomtiression of each of the chaniud-bars, 764 -i- 24 = 31*83 tons. 

Allowing a maximum conipresaive force tif 4 tons to 1 *j. in. of wrought iron, we get tho section 
of each hor, 31 *83 -i- 4 = 7* sq. in. 

In the estimate of weight this section w*as asstim«'<l at 7| sq. in. average, nt the same time 
allowing 25 wj. in. section for the teip plates in the centre. Tlie compreasinn at the crown being 
leas, the estimate is sufficiently correct for the pres<-ut 

For much larger spans than 500 ft., it may be found more economical, and at the same time 
safer, to employ a mild steel for the archc*^ and alun to maniiracture the cables out of cast-stcel 
wire. But it would be a mistake to do so in this plan, because the weight of the stnicturi! would 
thereby bo Uw much reducwl for «af«-ty, and its eo«t would be eulargwl. To cn.sure a proper degree 
of stability bedween the spans under the action of heavy transitory loads, the weight of the striic*^ 
tur<‘ sltonld not Im less than I ton to a foot lineal, fur a single-track railway, on the supposition 
that the maximum transitory weights do not excised 1^ ton the foot. In this country, where 

2 tons a fixd are re<iuired by law, a gnubT weight of stnicture will lx» newlwl in proportion. But 
for the railway traffic of America, an allowance of 3000 lbs. maximum load for single track is 
amply sufficient. 

The cables of the side spans form portions of the mme curve as those of the middle span. The 
only clifiTeroncc is, that they are cut otf 62 ft. l>eyond tho centre. An exact holf-sfian would 
measure 265 ft. from centre of tower to end of truss. But the actual length of tho tniss is 62 ft. 
more, which makes 327 the olmet being to make the aide s]mns about 300 ft. in the clear nt 
low-water mark. Whether the <»ble la anchored at that point or is continued, its tensioo will not 
vary, pmTide<l its weight or load fstr unit of length n'roains the mmc. In profnrtioning the arches 
of the side sisins, two conditions have to l>e fulfilled. 7'heir hori»intal thrust at the foot of tho 
towers must ualunco the horizontal pressure cnuixd by the arches of the central span. Secondly, 
their horizontal pressure against the nnclior-plates mu-d l>alance tho horizontal tension of the 
cables at those points. These two eoudUions will detennino the proportions of tlie arches as well 
as the length of the spans. If, on the other hand, the length of sjian is fixed, we can also pro{ior- 
tion the arches and cables so as to fulfil tlie above conditions. An cosy and practical method for 
a ]»reliminary investigation, is to lay down the curve of the table, then construct a full arch, 
similar to tho central arch, on thick drawing-paper, cut out its curved outline and lay it down 
upon the plan : then try its various positions, to tin«l out appitiximately what length of span and 
what pro|iortionB will aljout anil. This exomination mode, we can then calcutab* tlie pnqKirtions 
of the arch, its stipjiorting power, and its pressure at the foot and at the anchor-plate. This f»ro- 
ceas, rcfieated a few times, will bring ns nfxvr enough to tho exact quantities whjrli arr* required. 
A practical method like tins will be found much more satisfactory, and at the same time i^asier 
ana more certain than the nse of complicated equations. 

By lowering the anchor-plate, we shorten the cable until we have reached its centre, which 
forms an exact half-»]sin. By raising the anchnr-platc. wo lengthen out the s|>an, and tlie greatt*st 
length will be obtained when the plate is at the level of the upper chord. In that case the arch 
would have to rise oAore the upper chord. On the other hand, we can also reduce this span U> lesa 
than a true half-smin by moving the anchor-plate liock until wc meet the upper chord. This point 
of intersection will then have a strong tendency to rise, which must be met by anchoring to the 
mosonr)' in such a manner that contraction and ex{iansion from change* of temperature will not 
be interfered with. 

m ArcAc* amf Cabifs.^The trusses of the side spans arc 327 ft. long, measured from tho 
centre of tower. The arche* of tho aide »|j«n form part of a emve wh<w' chord is 352 ft. in lengtli 
with a verm.‘d sine of 18*8 ft. The ratio of dcllectiuii to span is therefore as 1 I 16*72, and tho 
coefficient of compression 2 *4. 

Tlie greab'st weight ujx>n the nrchea of the central span is 4.50 tons. 

Or per foot lineal, 450 -t* 500 = 0*0 „ 

TJie weight upon the side arches will be nearly tlie same per lineal foot, and we will compute 
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their conipresaion t»y suppoHiii.^ their whole length weighted down at the same rale. This give* a 
total weight of 352 x 0*3 = 316*3 tons. Hence their coupressiou at the foot of tower, 
316*8 X 2*4 = 700*32 tons. 

To illustrate ; 

I>ct f/r. Fig. 1432, rtipresent half the 
chord of the central arcli, 258 ft. long, 
e f twice the height of its rise, e<tual to 
80 ft, then the hypothenuae rf / will form 
a tangent to the' arch, and will measure 
270, omitting fractious. Now, the com- 
preasion of this arch is representetl by d/, its horizontal thmst by rfr, and its vertical pressure 
by fe. Constxiuently, wo find the horizontal thrust of the central arches (since the compression is 



440*57 X 1*70) 

764 X 258 

7G4 : X 270 : 25Sx = — 270 

Also let a Fig. 1431, represent half the chord of the aide arch, equal to 176 ft., and oc its double 
rise, equal to 37 *6, then 6 c represents the tangent and will measure 180 ft The horizontal thrust 

of the arch is then fouml, 760 : x = 180 : 176 x = ' = 743 tons. There is a difference of 


13 tons on the part of the side arch, which is readily met by the strength of the lower chord aiwl 
tlie stability of the foot of the tower. 

Again, let Fig. 1433 represent a rectangular triangle, where «6 is one-half of the main span 
or 265 ft.. 6 c twice the vermnl sine of the cables or 120 ft, then «c is the tangent, etjual to 291, 
and represents the tension of the cable, while a 6 is its horizontal foice, and 6 c its vertical pressure. 

W© therefore find the horizontal force or x ; 291 1 265 ! ! 764 ! x = = 696 tona 


1433. 1434. 



In Fig. 1434. let a be the centre of the anchor-plate, a rf a horizcmtal lino 40 ft. long, 6 c vertical 
to it : then make rfc = 7*25, and rf 6 = 4*0, a e will bo = 40*65, and o6 = 40*20 : ac represents 
the tangent of the arch, and a 6 the tangent of the cable. In order to find the horizontal force of 
the cable and arch atu, we must first ascertain their relative tension and compression at this point. 

Ton*. 


The tension of the cable at the top of the tower is 764 

And in the centre of the curv'O 696 


Difference 68 

The decrease of tension being nearly uniform, we find the tension at the 

anchor-plate about 712 

The compression of the arch at the toa er is 760 

And at the centre 743 


Difference 

The compression at the anchor-plate wc find about 
We can now ascertain the horizontal foro} of the cable at the point <i ; 


712 : X = 40*20 


; lO OOx = = 708 tons. 


Id the same way the horizontal thrust of the arches U found r 
747 : x = 40*65 : 40x 


747 X 40 ^ 

-10:^= '53 tons. 


17 

747 


The horizontal pressure of the arches is therefore 27 tons greater tlian the horizontal force of 
the cables. This excess is easily met l>y the resistance of the framing, composed of the up|x-r and 
lower chords, and by the action of the abutment-stays. A few light tle-ro^ extending from the 
anchor-plates to the lower chords, will also balance this excess. But if there was a necossity to 
establish an exact balance between the horizontal action of the arches and cables, without changing 
the length of sjian, all that would be re<|uircd is to shorten the full chonl of the arch, and to 
increase its verMn! sine a few feet, which change would pass them through the upper chord. This 
change is not desirable, but may be met by increasing the height of the trusses to the same extent. 
R^wbling, however, prefers to leave the proportions as they are, liccause the ends of the side spans 
will bo found in practice to need more stiffness than other parts of the work, and this will be 
obtained by an inertase of titiffnosa in the arch. 

To add still more to the stiffness of tlie erwls, four light wire-rope stays or ties have been intro- 
ducfd, of sufficient strength to prevent oscillntions. To meet the horizontal action of these stay* 
an excess of strength aill be found in the upp<-r an<l lower chonis. Another object of these stays 
is to resist the downward pressure the three wire-rope stays l>e!ow the floor. object of these 

stays is threefold. First, they will assist in preventing oscillations from passing loads; secondly, 
they will resist the uplifting tendency of heavy storms and hurricanes; and, thirdly, they will 
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aMifft thA free and expansion of the structure caused by a ^reat increase of temperature* 
Such assistance is desirable »n case of a single-track bridge, when care must l#e had h) provide 
enough »feguards to maintain latem] stifTnww and to prevent the structure from getting out of 
line. The great tendency of the cables to assume a vertical plane will of course contribute very 
much to the horieontal stability of tho arches ; but it is still advii^blc to avail ourselves of such n 
chcan and efToctive auxiliary as will bo provided by these under-flnor stnya Their tension sljould 
be adjusted so that a maximum contraction in the winter caused by their own shrinkage and tho 
shortening of the superstructure will not overtax their strength. f)ut it will be oi>servcd tlmt the 
tighter they arc tho nwtro is>wer they will |X)asess to pull the structure back, when an increase of 
temperature occurs. On that side of the main span, where its whole length, together with one 
side span, exi>ands and contracts in one, still longer stays may be applied, if it should Iw found 
desimhle ; and also heavy weights sus{>cuded to it to nve them mon;; defection without an increase 
of tension, and thus to render them more efficient ami safe in the performance of their task. 

The ends of the trusses are further secured vertically, as well as laterally, by two wirc*ropes, 
one on each side of the structure, anchored to the pier {>y joints, which will admit freely of tho 
movement of the upper ends, where they are fastened to the top chords, in accordanct* with thu 
contraction and ex|misiun of the structure. 

Staiicai Condition of ihe Stntcture under lAr Aetiortof uiriahh /..orirfs. — Suppose a nmximnm transitory 
weight of 750 trm* evenly distributed over tho whole length of tho central «*pon, and no loads ujton 
the side spans, what will be the statical conditio})? 

Tho following Table exhibits tho relative portions of weight Ijome by the stays, the caides, and 
the arches of tho central span when (axed with a maximum load, including sujierstructnrc. 



' Wfiuiit or 

1 Tnuuhory 

Tutel 



Supmiructur*. 

1 Loa<L 

Wrtaht 



Ion*. 

' tOIH). 

Uins. 


Borne by stnjw .. 

m 

! 174 

.324 


„ cables .. ..I 

\ 2*J0 

! 33d 

Jf2d 


„ arches .. .. 

210 

240 

4.50 


• Total .. .. j 

1 d50 j 

750 

HUO 



Wo will tirst (»usider tho action of the stays. This action is twofold: first they exert a force 
upon the top of the tower, which may l>e resolved in a horizontal and vortical direction, and will 
be fully considered hereafter, Secfmdly, their fo^ prodnees a horizontal tension as well as 
compression upon the lower chords. Now, as there is a system of stays on each side of the tower, 
if their horizontal action is the same, the compression of Che chords on the one side will be met by 
the compression on the other side, and them will be etiuilibrium. But if the side span is relieved 
of its transient load, while the main span remains loaded, then the equilibrium between tho 
opposite stays will be disturbed. The tension of the stays on the side span l>eing relieved, the 
top of the tower will slightly yield towartl the main span, as far as w ill be permitted bv its inherent 
elasticity and stitTness. This will partially restore tho lost tension of the slays, and the horizontal 
compression of the chorda will remain nearly the same. No other change can result, because tho 
stability of the towers will be maintain^ by the leverage of the side span, os will ap]>ear hereafter. 

Next, let us consider the condition of the central arches, under a pressure of 24U tons produced 
by the transitory load, without any corresponding weight upon the arches of tho side spans. The 
cotnurewion at the foot of the arches, caused by the above weight, U 240 x 1*7 = 408 tons, and 

• 258 

the horizontal thrust. Fig. 1432, 408 x = 300 tons. 

The ends of the arches being connecl<!d by the lower chords ond framing of the floor, tlicse 
parts will be ex)ioacd to this thrust most directly. Allowing 5 tons maximum tension a sq. in., 
300 

a section of — = 78 sq. in. will be required. Now the lower chorda arc composed of eight 
5 

channel-bars of 7J aq. in. section each, making CO sq. in. Add the sections of the 9” girders, 
undumcalh the tracks, which arc bmughl into full action by the braces at the towers, 18 sq. in. 
Total, 78 SI), in. 

The exceaa of pressure of the central arches is therefore fully mot. But the three spans form 
one continuous truss, and c»xiBoqucntly a great resistance will also bo olfcred by the uppi>r chords 
and by the inherent stiffucs* of the whole structure. It is therefore plain, that so far as the 
arches are concerned, their stability and safely under the action of tho heaviest triinBiU)r)' loads 
are sufficiently secured. 

It remains now to examine the conditions brought about by the united action of the cables and 
stays when taxed by a maximum load in the main span, without corresponding loads in tho sido 
spans. Tf>na 

The weight upon the cables caused by this load is found in the above Table . . 33d 

And the tension at the top of towers, 33d X 1*22 410 

2do 

The horizontal force acting at the saddle is fonnd to be, Fig. 1433, 410 X ^ = 373 

Add tn this the horizontal force pnviticed by 12 atays 

Total ^ 
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Now thU combinwi for« aols upon the top of tho towcre, it» bei(!ht swrvinK m a lover, with a 
teudciiov lift the adjoiiiiuK »i<ie 8[«n. The mouicut of this force, tben-foro. ia 538 x 82 _ 3^b. 

The weight of »ujHiwtructure of the middle sjaui waa iu«ume<i at 050 tonu, or per ufot lineal 

-— = 1-3 ton. The weij-bt of the side upon ]«r foot lineal is about 1 2 ton. The length of 

the side span is 327 feet. Con8C4inentty its total weight. 327 x 1;2 = :W2 t Iona 

This weight iimv now be supposed ns acting at the centre of the span, and the leverage of it# 
action in maintaining the stability of the whole, is H|ual to half the length of the s|»n ; oonso- 
quentlv the mninent of force is 3tr2'4 X l*st’.5 = 811.57. , .i .e 

llnl the end of the side span is held down ami kept from rising by the stays undemcatli the 
flisirand by the two powerful wire-ro|si braces which ws’ure their lateral jKwitioii. These combined 
nmy be estimated nl 
leant at 100 ttma. and thi» for«' 
a*‘bi with n leverage eijual to 
the wh<»le length of the wide 
Hiiitn : iNiuMNiuently its moment 
b) :J27 X 100 « :t2700. 

'I'olnl rooniout. 03.857. or 
nearly three tiimn as muoh a^i 
U(H><le(i to inaintnin an equilibrium. 

Tliealxive invcatigatioiw authtv 
rize the eoiichwion that this I’am- 
IkiHo 'IVujM} ia not emly amply strong 
in all iU different lairtii when uni- 
formly loadetl, but that its safety and 
totabil'ity are also amply provided 
fi»r under thw variable notion of 
lunximum lomla. Imleeil, when com- 
tuiring the mb's of allnwaneeH made 
in this plan, with those usually 
observwl with iron railway-bridgea 
in this wmntry, where cast irmi is 
DO abundantly made use of, it would 
Hlmost app(‘iir thei^ is an umioces- 
sary stn-ngth provided for. 

wlmle length 
r»r|iarabolicmi|H.'rHinicturc U 1181 ft., 
amt forms one single continimus 
truKs, whow* integrity and continuity 
niufcl not bo intcrfeml with in any 
way whatever. Hence the great im- 
jiortanco of providing for efficient 
im.‘nus Ut faciiitabi the free contrac- 
tion and expansion of the work in 
coxis«iuence of ehangea of tcm|»em- 
ture. The superslmcture is nerma- 
nently rasleiied and auchoroti u{ion 
one o'f the middle piore, ami from 
this fixed |M>int the side sjaui ad- 
joining is allowed to exisuid and 
o»mtrart. A roller-frame is there- 
fore placed u|K)n the abutment, or 
U|»on the pier, which serves as such. 

< hi the op{iOsitc side, the miihllo 
span together w ith the side span con- 
trnets and ex|>amls as one, and con- 
i*e<pienUy rrdler-frames are placeil 
upon the seconrl middle pier, as well 
ns u^u the abutment. 

No strife or interference between 
the dilferent |JorU of the structure 
ran take plact? while this process of 
eoutraotioD and expansion is going 
on, bocHuse all {arts am made of 
the same kind of iimUTial — wmnght 
iron — and then;fore the arches, 
enblea, rhonls, and towers will go 
and come in the same relative ratio. 

When the temjieratnre increases, the 
rhonls, arches, and cables will in- 
crease their length, ami the whole 
strneture will Vk* lengthenid out. 

The panel nr tnew posts will in- 
crease their length : in the same 
rutin Uie nrrhos will rise and Iho 
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cnhleg will rink, pj^rvinp r uni- 
form t(*ni(iiin ftmonj? Die iiu«pcn<loiii 
ami panel-roda. At Uie aame time 
tbo towers will raiae Dicir beads 


»nJ oomposatti for tho itU'ruatM.'d 
U>Q|ftU of cableM aud starii. The 
wbolo trufM may be (vmiiiderod as 
fartietif^l to nno metaliio sheet in a 
vertical pnaition. ex|iandtng or con- 
tracting in all dirfctiinis. 

A l>ar of wroiu;bt Iron lf>0,000 ft. 
in lem^h will expand or contract 
I ft. for every dcgrou of change. 

Now assuming the cxtrcmea of tcm- 
peratnrn at 150^, the extreme limit 
of (vaitmction and ex|>anri<m of <mc 
middle and tide which mea- 
sures H57 ft. in leu^h, will bii 
0*857 ft. The roller-plat^ on that 
abutment must therefore allow of 
Diia much play. Whether tUo tem- 
jieratiirc of the iron ri.<«!S to 120^ 
m a July hud, or falls D> .W*' b*duw 
zero in the dt««l of winter, we aro 
sure that all ixirts of the stmeturo 
will freoly occnminodatc thomoolvea 
to these ebangea, hikI will never 
fail on that acconnt to Hup(*ort their 
aliotUri parD). 

An inepewthm of the emsa anil 
longitudinal section of roUer-platae, 

Fig. 1435, will uiake their timplu 
comiruction {Hwfectly plain, liotb 
the upfM>r aixl lower plates am of 
cast iron ; the rollers lwtw(Km ari> 
of wnnight irroi. The inner facet 
of the plutcH mustlMi pluUiri oiflrue, 
wi that the bearing of the rollers, 
which are all tunicil off to the Muno 
diameter, will be even and imifonn. 

It U cust#»mary to <v)iuiect the rollera 
by a frauie ; but this ia an unnecea- 
aary exiieiisu aud no improvement. 

The edgf'S of the rollera are slightly 
rounded off, sav I in., and (he plates 
confino Iho rollers betwM'Q dangoe 
I in. deep. These tlangea are tdopecl 
k in., which prevents friction U.*- 
tween them oml the rollerK. At the 
MiDo time the slope is too iibvp to 
Mbuit of the mounting upon it of 
the edges of the rollera. lv> ensure 
paralleliMn l>ctw<M:n the rollers, they 
arc placed together where the prt'O- 
sure is very gn«t, and where tlm 
presHure is light, as in the case 
before u-s, they an; sptwMHl by insert- 
ing l>etwcon them strips of mauMined plnc-wood well soaked in linaecd oil. 'With tho weight of the 
structuro upon the plat4's the rollers will keep their relative positions. It is eosior and chi<a|ier to 
ensure parallelism on this plan tliau by Die employment of roller-frames. Steer rollers are snme- 
timi's ill place of inm rollers. Hut this is oGjoctionable in connection with cast-iron platea. 
The rollers on the towers of the Niagara Bridge are made of caimon-mctal, and are 5 in. in diameter. 
When steel is used for roUens both plates should be fa<'e<l with stcid ; if not, then the hard rollers 
will uwk<> an impreasion on the softer east iron. 

Tho rollers exhibited, Fig. 1435. are 4‘ 4" long and 3" In diameter. The plates are 3” thick. 
The lower plate is well settled on a heavy bc<l of rich cement-raortar. The w*<v)den strips between 


Die rollers are not ropr©sent«l on the plates which support the tower, Figs. 143»1, 1437. 

Titvert . — ITie towers arc <12 ft. htgfi above the rellor-platos. Each tower, Fi|^ 1436, 1437, is 
ornnpoMyl of two riiafts, which form parts of the trasses, and are flnniy connected with the chords 


oikI arches. Jlach of the shafts is compoae«l of throe cohunns, and each column again may be 
construetcoi either of four, six. or eight sections. Fig. 1138 exhibits a section of a column com- 
posed of six segntcuU. In Fi^ 1436, 1437, the columns are drawn with four segments only. Tbs 
interior circle of tho culumn is assumed at 16 iu. The shafts being 59' 2" higli fn)m tho rollor- 
plste to the saddle, the sections may be roUeii about 20 or 30 ft. long, so as to break joints. Every 
p>lni must be covered by a i<|dicing-platc inside. The intenuediate plates which connect the 
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also breaking Joints with them, will likewise add to the firmness of the columns. Roth 
ends of the columns are to be planed r>fT true, and so must be the end of every intermediate pieces 
80 that every joint will make a tiRht fit. The respective columns of the onjKwite shafts art> con- 
ni^'ted horizontally by a system of rlianncl-bars and diagonals, which will fully ensure their lateral 
security. This is further increased hv two lattico-beams, which connect the cast-iron saddles, as 
is plainly exhibited in Fig. I4it7. Ihe top roller- 
plate being planed off on both sides, the lower ends 
of the columns will have a fair level sent uix)n them. 

The shafts are thus enclosed between the foot of the 
arches and the lower chonls, and firmly connoettd 
with them laterally by flat bars, angle-irons, and 
stay-bolts. When the flanges of the inner channel- 
bars and tboac of the columns meet and interfero 
with each other, they are cut away for a few inches. 

The truss-posts at the towers arc also firmly con- 
nected with the shafts, an<l so are the upper chords, 
and these connections will a<1d mnch to the Mtnmgth 
(»f the ^tmcture. In the direction of the trusaca each 
tower is further secured by four latlice-bracea wliicli 
run l>etweei) the chonls and arches. Tlie stability of the towers in this direction is also increased 
by the stays, and in a lateral direction two |X)wcrful wiro-ro|»e gtiys add to their sornrity. ’Iliese 
guys serve as anchors, and being hinged at the lower ends, will not interfere with the free con- 
traction and expansion of the structure. To guard against lateral vibration of the lattice-braces, 
their outer chonia arc strf-ngthenc<l bv plates 12 in. wide and { in. thick, riveted to a heavy 
X-liar which connects with the lallice-Isirs, Figa. l.’HX) to IfifiJt. 

It will bo noticed that the towers, forming one connected whole with the trusses and arches, 
will move freely on the roller-plates along with the rest when afTe**t<d by contraction and exisin- 
sioii on that pier which is provided with rollers. On the other piers the towers arc stationary. 

The greatest vertical pressure ujion one tower (two shafts) is ct{ual to 950 tons. Allowing 4 tons 


143 $. 



950 

maximum compression fbr 1 eq. in. section of iron, wo should require ■ 


237| sq. in., or 


118} sq. in. in each shaft. In place of this, we have allowetl a section of 1.50 sq. in., which 
reduces the pressure upon each supi-rficial inch to 3' 10 tons at the top of the toa'er. As we 
descend, the strength increases considerably by aid of tlie lattice*, and when the upp<*r chords an^ 
reaclud the strength is nearly doubled. We arc therefore sure that omplc allowauce is made for 
the sup)>orting power of the towers. 

.Wrf/«'.«.~The saddles on top of the towers are of cast iron. 8 ft. long by 8 ft. C in. wide at the 
liottom plate. Tlio construction is given in Figs. 14«k>, 1437. Tbe lower face is jilsnod off, so 
that when the top of the columns is brought to a level, the two surfftcea will have a fair and equal 
liearing. In order now to secure tbe a^dle horizontally, six small segmental plates are fltti'«] 
around each oolumn, and secured to the lK>ttom of the saddle by set screws. To do this, nn exact 
b'Diplate should be formed of the top of the shaft, before the raddle is hoisted ; then the holes may 

nmrkeil olT for the set screws, and sunk into the saddle: the small plates can then be screwed 
un U> its lower side l>ofure the saddle is finally put in plaee. 

Tlte inside HKctiun of the saddle is so sha(»td tlmt the wire-ropes for supporting the cables ami 
slays will occupy their rrdativc [lositions. Four ropes arc placed in the bottom row: they, together 
with tbe two outside ropes of the next tier, compose the six stays. The next three middle ro|>cs, 
the second tiers, form the lowest layer of the cable. 

Two forged pieces of wrought iron 4" x 6", with triangular pieces undemeeth, are let into the 
fonr notches of the sides of the raddle and screwed down for the pujqiose of securing the cables and 
to prevent sliding. This being done, the cables and tower now form one. When there is a greater 
strain on uno side than on the other, the elasticity of the tower will admit of sufficient yield to 
tMjualizo the difference. 

Anchor-p(ate8 . — Tbe end of each cable is secured to a cast-iron plate, which at the same time 
seizes for the arch to butt against, anti thns the two ate made to balance each other. Figs. 1439 
to 1441 exhibit views of both fac<*8of the plate, and also a sootion in which the fastening of 
the emls of the wir«‘-n^s is made chsir. Tlic dimensions <if the plates are 4’ 2" X 3' 8". with 
a thickness of metal of 8" in the centre and 3" around the sides. stn*nglheniMl by rilw. A cable 
being compn«e<l of nineteen ropes or suinller <rables (twisUnl or not), there an* nineteen wm-sisuid- 
ing boles for their reception. Thi*se holes are conically shaped, the larger opening having twico 
the diameter of the smaller one. Some of the large o|>enings are ellijitically sha|»ed. in onler to 
gain r»s»m. That fare which wrvi*a as an abutment for the clmnnel-l^ars, composing the arch, is 
to be plannl off to admit of a fair liearing. The weight of the plate is supfiorted by its iit>)icr 
flange, which rests upon the ends of the upper channcl-lArs. A further support is providetl by 
two east-iM>n posts which fit against the face of the end tniss-posts and are ladted to it. It 
remains now to convey a clear id«*n of the manner of securing the ends of the small cables within 
the plate. This is done by spn*ading ajiart the different wire^itrands and wires which eomjMxa* a 
mjie, and inM*rting a number of in>n |»:*int« Wtween them in such a nmmier that the whole span 
inside of the conical hole is filhtl out solid. Fig. 1140. Ity these means the end of the rope is 
•welliyl out into a conical lump 8 in. long, which cannot slip out of the jilate without burf-ting it. 

It is im|s>rtant that these plates should be cast o( the stmngest metal — good, strong, cold-blast 
charcoal metal— such as is used for the manufacture of goml car-wheels. The points driven 
in between the wires may vary in length as well as in thickness. First drive in a number of long 
ones, f» to 8 in. in length, about | in. in diameter at the thick end and gradually re<I«ced to a 
point, filwl off round and dipped in linseed oil before driving, to make them go easy. Also pour 
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TIic oil will prevent the otaving up of 
m&ining spaceii with shorter and thin* 
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some linseed oil between the wires, to make them smooth, 
the wires and facilitate the process. After filling up the remaining spaces 
nor points, then cut off 
the ends of the wiiH'B 
projecting over the plate 
even with it, one after 
another, and bend their 
ends to a right angle 
over the ends of the 
points. This being ac- 
complished. apply a clay 
mould around the whole, 
sn as to form a raised 
rim, and pour in melted 
lead, which will fill all 
the remaining interstices 
and make the whole one 
compact mass. After re- 
moval of the mould apply 
the hammer to make the 
lead wdiil, file it smooth, 
and round it off a little 
to give it a finish. To 
insert the ends of the 
ro|ies without trouble, it 
is necessary to wrap them 
Weil with annealed wire : 
and as the end is forciHl 
in, the wrappings will be 
pushed back. 

Stai /$. — Similar to the 
plan just described is 
the method of fastening 
the ends of the stays: 
with this difference — 
that each stay-rope has 
a cast-iron socket for 
itself. This socket, to- 
gether with the wronght- 
iron stirrup which holds 
it, is represented by Figs. 

1442 to 1445. The stirrup is made of round iron 
1|” diameter, and varies in length to suit tho 
inclination of the stay. Where the stirrup passes 
around the Uoor-bcam, a small segmental castiug. 
forming a seat for the stirrup, is fitted against 
the beam, for the purpose of giving the stirrup 
a fair bearing. The ircrews must be long enougn 
to tighten the stays. To preserve their straight 
lines, they arc couuectod with the suspenders by 
wire wrappings. 

It will be noticed that tho stays as well as 
suspcDiiers, together with the cables, are all sus- 
pended in one vertical plane which passes through 
tho centre of the 2-ft. space left open between 
the two rows of truss-|)OBU. The cross-bars 
connecting each pair of poets are not to be put 
up until tho stays, cables, and suspenders have 
bwn place<l and *fixe<l in their position. 

At the ends of the trusses four small stays 
may be noticed, which are provided for tho pur- 
pow of guarding against vibrations at those 

? lints, an<l alho to add to the supporting strength. 

be upfior and lower chords being necessary, in- 
dependent of sui>]x>rt : their strength is thereby 
brought into ]>lay. Acconlingly as much tension 
is thrown upon the stay-ropes as the resistanco 
of the chonls will permit. The ropes are double, 
and their diameter varies from 1 to 2 in. 

G*W«r. — There are two wirc-cablea, one on each 
side, suspended in vertical planca between the 
double rows of truss-posts. Each cable is com- 
posed of 19 wire-ropes of 2) in. diameter. The 
maximum tension of the two cables at the tower is 704 tons, and at tho centre of the main span 
696 tons. Dividing 764 by 36, we have tho tension of each rope equal to 20|>n tons : and, allowing 
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Hix time« the rfrengih, we hove for the ultimate strength of each rop© 120*C Urns, Although the 
totiHion of the oahlcM ia U'tui id the centre, the f»me inaction and Htreugth are ol>*M.!r^'ed tliroughout. 
A chnio moy l>c tapiTed. but it would Us falae economy to attempt it in a onble. Fig. H4ti showa 
a nection of ouo caWe on a larger scale. The ninett^jn ropes are ffUf«|>emi('d in five layers, and 
care miiat 1« had to pn-wem* the relative position of each layer, as well as of each individual rope, 
tliroughout ita length, so that the union of the whole nineteen will in section form a hexagon. The 
susjienders Isdng attachwl every 10 ft., a strop is laid around the cable, and screwed up tight, to 
pn«(frvc its form. Tlu^‘ Htro|>s should be mailo by about three diflorent iMttcnia, to suit the 
Inclination of the diflTerent fiarts of the cables. When putting them on, they are heat^ in a small 
band-forge, and a strip of sheet iron ia laid over the cable to prevent beatiug the wire. After 
closing, they an* coohni hy {touring on wat»T. 

To keep* snow ami wet out of the cables, they 1448. 1447. 

should Ik* proit-ctcil by a lialf-circular cover made 

of tin, secur'd Ut the straps bv small wire wrap- ~ ~ 

pingM. This is indiotied in ^*iga. H4ti to H4‘J. / /X Y Y ^l\. \ ^ - 

A uuifitrm h'nsion of the ntpes is easily oh- / / \ \ 

tained by suspending them {•arollel to each other / /X A X A /W . -- — 

in level iayera, and in c lose contact. First secure ^ ^ 

one end in the anchor-plate; then adjust the ^ 1 1 ~ A / / * i ’ — 

Mfte in the soildlos with a pfo{H‘T dellerlion at N^'" V Y^Y* T / ( 

the lowest point of each «|ton. Then pass the / 

other end through the other plate, ojK*n the \V Y Y ly I 

seven strands, and |«ss the centre one through 

a conical tul>e 7 in. long, wide enough at the 7^ 

small end to a4imit the strand, and at the other /r • ^ ^Qj)/ 

end enlarged to double the diameter. The whole ! > Lr 

h»|ic Wing a little longer than ucceK«iary, say iJ/ \ 

1 to 2 ft., the centre may be fastennl teiu{M>- 

rarily or RDchortnl back, preserving at the same li )j/ 

time'its central position in the hole, lly slack- ^ 

ening or tightening this oimtrc now, the {position 

of the rope in the cable may W a<ljusted. When I I p> 

right, drive the hollow tuW into the anchor- j I 

plate some distance, and at the same time instMi a / \ 

nniuWr of larg»> points, ami drive them all in uiii- / i 

fornily. When all the large pins are in, the cratro ^ y /> * v\ 

may W reloaiMKl, and the untwisted wii^-s may / /\j\ ' 

W cut filTthe right length. Then insert thinner 
{joints in the centre tuW, and till it, and com- 
plete the whole. Tngivo a supi*ort to the anchor- t >• 

plate, it is of cvmrae n<*ceasary t4> put up the V — ^ | . 

lroa»-{>osts as far as they rest on the abutment, ! 

and to secure them tein{iorarily by timWr- \ ‘ \ i li 

bracing. Ami it will also Ik* necessary Ut pro- ( g ) i 

vide for a tcmjK»rary anchorage of the anchor- \ • ( 

plate itM‘lf Wforn the arches are put up. This / / i 

may he done hy extending a few wm^-rriijos frr>m j ■ 

the ancbor-pla’tt? and post# to the next pier or ^ --.3 1 — V /JjA ' 

abutment, and S4x*uro them ; and if this masonry 

is not strong enough, a temi>nrary anchorage of 1 ^ j 

timWr and atone must Ik? put 4>n shon*, of sufli- i |— .1 I I I F 

cient strength to resist the pull of the cables. 

The same wir«‘-ro{»es which ore to W ustsl for 1449. 

the abutment-stays and for the storm-cables, 

and which are W deliver»*d In long coils, may W advantageously used for this temjjorary anchor- 
age with very little lorn or waste. 

The tenswm of eoch full cable, resulting frt»m their weight when freedy suspended, will bo 

tons; and this ha# h) be fully met and hupporbsl. Hy the use of a few luilroad laid acron# 
the post# aliove and be low the anchor-plates, and by {jassing #tirru{M or chains around them, tlie 
anchor-ropes may ts3 atlaclnsl. (>n the shore they may lie fastemsl similar Isiro, platHsl in an 
excavation, the Wrs to W m*cured to a rough framework of timWr and plank, ami this may be ke|>t 
in it# pluc4> by eartli, gravel, stone, and other heavy material ; it may also be assi&Ud by braces. 
Files may also be driven to increase the n*sistancc of this temporary anchorage. 

In onier to pnt up the airlx^ and other iMrt.s of the su{M*rstnicturc, a temporary platform and 
footway will have to W susiiended. As to the cahUts a light fTsit-briilge under each will >ie all- 
sufticiuut. and the satm* anchorage which answers for the main cable# will answer for the f(s>t-bridgo 
cables. It should b<* olNtervo^l here, that the tcm|K»rary aiicljorage should bt* made strong enough 
to resist a pressure of about 100 ton#, because tills much tension may bo produced by the cable# 
while erecting the su|»crstructurc. 

While {jutting the ro|K*s in the cable#, they should receive another coat of duraVde {Kiint. 
Allowance must bo made for the stretch of the cabhui. All wire will strctcli, whether made of 
aU*el or iron. A No. 8 stwd wire of gooil t|uality, capable of supporting a weight of IKHMl to J5400 Iba, 
and 5 ft. long, will stretch I in. before breaking. Aft»'r U*ing tux<Hl with a full load for wime time, 
the strt'lch of tliecablea will cease, licoauac the inaUfrial will have assumed a permanent set After 
thin, no more elongation will take place. The UcHcction of the cables in the main sjmn, after the 
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wire hiw uttaino*! a iwrmanpnt ent, is to Ixj CO ft. An ftllownmv nf I to 2 ft. shonUl l>c madn for 
m-ttloment. If the cai>le# aro well made, 1 ft. will lx? enough ; hnt if jtoorly niaile, S ft. may not Ixj 
sufficient. To bo mortr explicit, the cabiea should be aus|>oiided with a detleciion of, say M ft., if 
well made, ami if not, 50 to 57 ft. will Ik* safer. 

In onler W nmke the cables l*ear their allotted portion, tlio susiHuiders have to he screwed np 
repcate<lly after full trains haveiiaatHHl over the work. The permanent set of the cables will umko 
itsi'lf felt distinctly if athmtion i>e ])nid to it. On tho other Imnd, it would wnm^ to tax them 
tf»o much, and therciby it*lieve the arches to an undue decree. A proper adjustment mav at llrsl 
siirht ap}M'ar to be ifn|KMsible, or nt any rate ath-ndtHl witli great diffietiHy. Hut if the ({irt'ctions 
given here arc strictly carritsi out, this adjustment may Ik* rt'adily accniuplishtsl. 

The weight of the su|M‘rstructuro which U to W borne by the cabhm of the main H|>an is 21<0 tons. 

»yo 

The number of suspeiMlers is 116, ami therefore tho weight l»ome by each is 3*02 tons. 

hlach suspender lieing attHchfvl to a stirrup which has two screws, the weights to bt> borne by each 
single wrrew will bo ton, or 3000 Hmj. Now urm'lise a few intelligtmt men in raising a weight of 
3000 lbs. by such a screw, using a seiV'W-wrench of a certain length, say 18 in. 1‘hn scrtrws sbonld 
Ini well cut, HO as to run irasy and sm<s3th. No stirrup should go into the work without having the 
screws well exnmine<l, well cleancsl, run smootli, and oiled. 

The handles of the w^rencluvf should bo just long enough to require the average strength of n 
man's anu. To make this njteratiou still more e<*rtain. tho wrench may l>c iesb.sl by a 8UsiM niU<d 
weight, so tlwt tho men can compare their strength with the actual weight. 31uch*dei« inis ujicn 
th<! cut of the screws ; with g(H>d unifonn thriwds, every sus{M udor must tie brought to a fair aiai 
iM^unl IxAriiig. 

The length of the su.vpenders l>o>ng ealcnlaUxl, they an* mftnufacture»l accordingly, and put in 
jdace : but the theomtical length will never exactly agree with tho actual length, and the difler- 
enoe is ma<le up by screwing. The als)ve remarks on su.s{»cnders will e<iually apply to the stays. 
The ultimate strength of each stay is 100 tons, and they are calculated to bear an uitimHh' tension 
of or 20 tons, caused by the sup«*rstnicture and a maximum IckuI. Now, the profsirtlon of weight 
suficrstructiire to that of maximum lna«) which falLs upon the stays is as 150 174, as will l»o 

m*en in the Table of relative IinmU \ consisincntly they may 1 m* screwed up to a tension of about 
U tons, and this is accomplished with a wrench of altout 3^ to 4 ft. long. 

After th<* ntbles Lave obtain<sl their jicrmanent Mrt, and the sus]K'ndorH and stays have been 
adjusted, no mon* attention need l>e paid to this part of tho structure. The relative sup|)orting 
|M)wer of tho cables, stays, and arches will nuaain unalWriKl, they will not tuidergo any further 
change. And as changes of temperature will influence the aches as well as the cables alike, no 
strife lietwiHUi the ditlerent ineimK'rs can ariM* on that aecmmt. 

The curve foriiuxl by a cable when freely susnondod and not Inadetl, will be that of a catenary, 
lK*causc the weight of a unit of cable is sup|>nm:*<f to lie the same thix>ughout its length. But w ith 
a weighty horizontal platform su«j*endtHl to the cables their curve U changed, and will lie found 
to corresjiond more to a f»arwls)la than b> a catenary. Tho susjK uders may acconlingly bo calcu- 
lutud for a itaralsda, but it will be found in practice that they vary, and sometimes considcrahly, 
from bf>th curvt***. The screws nt the ends of the snspenders will be tho means of adjustment. 
Hut another cliange in the c*urvatiire of the cables will take place when tho stays are tightened 
and Ix'gin to relieve the cabU-s at tho«* points. 'I'hey will then l»e lowered in tbe centre and 
raiml Dear tbe towers. Allowance must be made for this in the length of the suspenders, so far 
as the stays extend. 

iS’wjr/svujfcfrs.— The maximum weight liomo by the 96 suspf-nders of the middle span is 626 tons. 
Each sus|>endcr, therefore, has to sup|s>rt 0^^ bms. Allowing m!ven tinica the strength, we want 
for tho wjrtvmpe suspenders an ultimate strength nf 45 tons, or I J" dinmotor rope. 

Figs. 1444, 1445, show a wire-rope suspender, Ixith emls fastened iii wroughl-iron sneketa, and 
the lower socket attached to a stirrup which |>as»os around the floor>l>eam. Figs. 1447 to 1449 
exhibit one of the short, solid Kus|K‘tiders hung to the cable*strap and to the stirrup Inflow. Tho 
ixkIs are l|'' diameter, and tbe stirru|w IJ” diameter. These dimensionH may appear extravagant, 
but when it is considered that under a heavy iiassing lf<ad. every single susjK'iider is taxed more 
than its general pro{M»riion, this large allowance will Ik* jnstifled. 

Chnrris. — The armugeiucnl of the upper an«l lower chonls U plainly exhibite<l on the plans. 
Figs. 143t», 1437, show it more porticnlorW. The 9-in. chnnnel-luirs composing them extend fn*m 
end to end without int«*rruption. The lower chords arc not plate*l underneath at any pf>int. 
This is not wanted on aowjunt of strt'iigth, and their lateral stiffness is amply ensureti by the 
fi^mr-beams, by the plates to which the tte-iYsls are Hecim*<l, and by tho stny-lM«lts. Nor an* tho 
u]>]s r chords pluti**! on top, exctqit lii the side H{*nns from the end of the truss the |K>iut where 
the cable enters. The.se Uip plap-.s are \ in. tliick and 50 in. wub*. Thu cr*s«*-lK.*nms are here 
placed ou top of th{*se plates and rivetixl to it. 

The splicing of the chonls is done in tho same manner as that of the arches. Whenever a 
stay-bolt is applu<d to the chords it is fmssed thnimgh a gas*tul>o, which is cut off on the hitlie to 
the right length, and thus a Arm and simple connwlion i.s ma<le. In order to moc't th<* thrust of 
tlio arches, in excess in the one k|hui, while no load is on the other, a seetion of 60 sq. in. was 
found to be necessary for the lower chords. The bnriztmta! action of tbe slays at the tower ia 
coinpressioiial only, and does not add to the tensile strength of the arches. The horizontal action 
upon the chords, which restilts from the diagonal rods in the {lancis, is bulunccxl in each i«ane|, 
and nspiires therefore but little section. 

A section of 6 sq. in. f«*r the rhanneMiarH of the upper chords will be an ample allowance. 
The same st*clion may be observed throughout the lengtli of chord. It is, however, noccssary to 
make tho splices of the lower chords ns strong as the clmnnebl/ars themselves, so that they may 
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a full tensile Btrnin, ^’hich may be brought upon them by the arches when the spans are 
unenualty hmded. 

The j>n«ts arc of the beam section, and 9 in. wide or deep; Figs. U50, 1451. exhibit 
sections on a larger scale: the weight is 25 lbs. a f<xH. All the i>osU are 22 ft long, except thoae 
in the centre span, wliich vary from 22 to 44 ft. 

Eoch truss crniHisU of two rows of ik>kIs planted 24 in. apart, in which open spaces the cables, 
stays, and suspenders are freely suspendwl. They arc firmly connected by horizontal liars 1| in. 
Sf^uare ; the ends of these bars arc snrMid out so that they will give room for i rivets of | in, 
diameter, to be fastencxl U]K>n the flanges of the posts. Each cross-bar is therefore held by 
8 rivets. 

In order to increaso t)m lateral stiffness and stability of the trusses, the intervening space 
between the posts may be enlarged to 30 or 30 in.; and the oonucoting-bara should then l>e 2 in. 
in place of 1) B(|uaro. The vertical stilfness of the |KMts in the direoiinn of the truasos is aidtHl by 
horizontal connewting-bara at the centre. Those bars are only 1 in. diameter, jiass through the 
web of the posts, and are simply screwed up by a nut at the end, as is shown, Figs. 1450, 1451. 
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By lightening these bars uniformly, the lateral position of the jsiets is secured ^ 

and vibration prcventcKl. This provision is very necessary, on account of the ^ 

great length of the pnf.ts. 

Arx-hfn . — The arches are formed of channel-ltan. Fig. H.')2. The posts 
l*eing 20 ft. apart, the channel-bars are rollwl of the same length so that the S|| 

Bpliccs all come upon the poets. It will be noticed that the oonm-ctions with the 
splicing-plates are made with screw-bolts, and not with rivets. This will greatly 
faeilitalo the putting up and a<lju«tment of the arches. One of the practicaJ 
difllcultu4 in putting up such work is to make the ends meet, and tr> make a 
tight and workmanlike fit, soimimrtant in nrehe* and chonls. This difficulty is much increasetl by 
grjwt variations of temperature, and hence the impnrtnnoe of using serew-lmlls in place of rivet*. 
The liars may at first be put together loodwly and without any tight fit, by using small Ijolts tempo- 
mrily. which’are tti be r«*moved afler the ioints are brought toa closi*. Kocli }nirof splieing-idates, 
oppevite each other, is connected by «ix twits of J in. diameter, or three on each side of a jwst ; on 
being drawn tight, they embrace them solid and firm. In onler to scrt*w these up tight, they must 
not be enclosed in tubes. The remaining four bolls, oii the other hand, arc passed thmugli gaa-tulMW 
9 in. long and 1 in. wide, which therefore preserve the distance tadwt'cn the channel* and sene ns 
stay-ljolis. Two small plates 4 in. x 7 in. x ^ in. thick arc rivcte<l to the post and fltUd betwwn 
the eliaimel*. Two of the channels are therefore firmly enclosed hetw<K*n these {dates and the 
brackets. To add still farther to the stiffness of the s|diee»s the erass-ehannel* which connect the 
two liniw of tniJHM’s arc filled in lietwecn and firmly bolbd to the |»osLs, while at the same time 
their flanges are riveted to the flanges of the arches. Wlieti the latter cross the p^wt* obliquely, 
the cross-channels have to be hr*nte<l and swtslgetl in a block by pressure, so as to fit the ubliquo 
Bccliou. By using wwlgea of <liffer»*nt shapes to correspond to the inclinatirm of the arch, one 


press or one pair »»f blocks or dies will do for the whole. If the eost of such a pres* is objected to, 
the flanges of the crotttM'liannc!* may be cut out and the Htem ouly IxiUed to the post. 

So far a* the arches rise aliovo the upper ehortls in the central a|>aD, the upper channels are 


conneetoi by a toji-plnle of ^ in. thick riveted to the iipjier flangt‘*. Laterally, between the |kwU 
in each |)onel, the arches are again connected by four channels uf 50 in. length ctwh, and also by 
stay-lmlU passing through gas-lul**s. 

Where the arches rij»e above the upper chorda, the channels forming the latter are cut out and 
planed off to the pmjier level to make a good fit. Splicing-plates are then riveted over the joint, 
and the respective fiangea are also conneetetl by rivets. At tJie same time a plate of 4 ft. long by 
2 ft. wide anil J in. thick is riveted down on top, so as to cover all the joints. The depth of each 
arch is 41 in., and its width 4 ft. 

Considereil as a Htraight girder freely spanning a distance of GO ft., this combination would l>o 
stiff enough for railirsul tmffic. Hut its inherent stiffne** ia not cwiculatiNl to serve ns a anpporting 
power, hut to resist lateral ilefleetion like a column. A rouncl column ia, of course, the Uwt ge<H 
metrical section for gaining Intend wtnmgth. But a CHdumnor section in wrought iron for the 
purposrw of an arcli. presenU many difficnltica and objection*. What would be gained in scctum 
would lie more than lost in rcilucerl strength of framing. 

The great facilities of eonstniction which the plan before ns offers, must not be undermte<l. 
And when we consider the ainail section of wrought iron that ia needed to make the arches 
efTeclivc. this plan will compare favourably with other plans heretofore attempted. The arches 
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of tlic Coblenz Bridge over the Rhine are 308 ft. wide in the clear. Each rib is 10 ft. 6 in. Jeep, 
with iip|>er and hiwer ttHiigea, The flanges of tho centre rib are 3 ft. 2 in., and those of the outer 
rilw 2 ft. 2 in. whle. 'Hifse arrhe<l rilM have l*een treatwl as flexible truaseii. eoiisequirntly tho 
up|MT and lower flanges have been graduated like chords, with the greatest section in tho centre. 
The up]>cr and !r»wer chorda arc coiintH'te<j by p>mts and diagintal bratvs. This work is eon.sidert'd 
a model work ; it is well proporticme«l and posHcss(‘S ample strtmgth. Tho stitTiioss is in the Hrehes 
alone, and no ath^mpt 1ms l>oen made tr> inereas** it by s{>audni'bracing. Its rigidity is owing, in 
a great meo.'mre, to the placing of tho flwr V/o«* the crown of the arch. 

The <{ueMiinti ariiH'S. whether flang«><l arclies with greater iuheitmt stifTu(‘ss would not l>o Ixdtcr 
adapted to the Parabolic Truss, than the arches here designe<l? Ho far ns simple supporting power 
is considennl, under the action of uniformly-distributed loads there would be nodiffcn'nee iadwi-en 
the two plans. As regards stiiTness, under the action of variable loads, however, the plan hero 
prnpowsl. with its gn-fit depth of trussing, will prodm^ more rigidity, with the same atunutii of 
material expemdeti. tiiau would result from flnngt^ arches. This view will apply with still greater 
force, when tlm arch desc«*nds b«dow tho lower chords. The depth of ribs in the Coblenz Hritlgo 
is 10 ft. G in., ami the clear sfian 308 ft. (iVussian mcasureX a )>roiM)rtion of nlsmt 1 in 30. This 
depth would evidently Im entirely Ux> small for a straight girder of 308 ft. span, but it would lie 
enough ff*e a span of 100 ft. 

In the Coblenz Bridge, tho floor intersects the girders or ribs at the lower chord, and we may 
therefore Cfmsider the wdiolc arch, so far ns stiffness is coneemtMl, as divided iuto thr«w (xpial })arts. 
Tho central |Mirt is stiffemtl by the and the s{ionilrils arc stiffenc-d by the {xists which aup|tort 
the floor. But no further bracing has been attempted in the s|>andrils. on account of contraction 
and exfiansion ; but this a|)pears to be a defect, because an ex]>ondituro of very little additional 
material would have greatly wldod to the rigidity and strength of the work without materially 
interfering with contraction and ex|)ansion. It must be remarked, however, that the leojling idea 
ill the design of this celehrat<,*d viaduct wa.i to interfere with the arches as little as possible, and 
to depf'ud uimn their own inherent stiffness, so that the ribs should be at liberty to accommodate 
IhemHclves fr«‘ely to variations of temis^rature. This same view led to tho plaimingof the piwt skew- 
backs : but this defect has been corrected since by making the bearings ^ the skewbacks all solid. 

When we omit the arches in our plan, considering the structure as a pure sus{)ension-bridge, 
and compare its stiffness with that of the Niagara Bridge, we discover that the truss here designml 
poMosscs ample stiffne.ss for all railroad pur(M»ses. Tho S'iagara trusses arc <mly 18 ft. high; 
those before us ar>' 22 ft., with a span of 500 ft.; while tho Niagara spon is over 800. In tho 
Niagara Bridge the truss-posts are 6 ft. a|)art ; here they are 20 ft. Thu Paralxdic Trusses being 
ilounie, tliere are four diagonal rods of 11 in. diameter in a panel of 20 ft., while there are two rods 
of 1| in. in a {>unel of 5 ft. at Niagara. On the other hand again, the Paml>olir 'I'russcs art> all of 
iron aud have comparatively very strong chords, while the Niapira framing is of wood, with light 
chords, which are, iiowerer, very innterially assistecl by the floors and the central ginlcra, which 
latter distribute the weight of conccntrate<l loads. 

Roebling concludes that the trusses l>efore us (without including the fcaturi! of the arch), will 
be riuite ns stiff os arc the Niagara trusses. 

When coDipresaivo action takes place in chords and arches, experience has demonstrated that 
4 tons of 2000 lbs. each, or 8000 lbs. a sq. in. maximum pressure, is as much as soft, puddled iron 
should ever be taxed. But this rosistanc<« dc{H-nds so much U|ion latuml conditions that the 
aljovc allowam’e of 4 tons would scarcely be safe for single arclu.^ assi-Hted by cable.**. But the 
great feature of safety in the Paraljolic Truas is the cable. The arch is only an auxiliary to the 
cable. W'ith ordinary loads, the cables and stays will support tho greaUvit part of tlio Btrainn; 
and the more they are strained tho greater their tendency to maintain their vertical positions, and 
to assiht the arches in preserving their true alignment. iMUral is the great danger to arches. 

The more jointed and articulated the system is, the greater this danger. Now, these considerations 
must be taken into view wlicn deciding upon the choice of material fur the arches. The question 
of steel or iron is of course a question of comparative estimate. But if, for instance, we allow 
8000 lbs. maximum compr^'ssion for iron, and 12,000 lbs. for u mild and tho steel arch ctwts 
the same as the iron arch, brdh possessing tho same supporting strength, then the iron arch should 
be pniferred to the arch, for the following reasons : — 

1. The greater section of the iron arch will ensure greater lateral stiffness than can lx* obtained 
from the diminished section of sr>ft steel. 

2. The greater weight of the iron structure adds to its stability under the action of variable 
loads in direct proportion to its superior weight when comparwi with steel. Vibrations caused b}- 
fast-moving trains will be felt more by the lighte r structure than by the heavier one. 

One of tho best features of the Parabolic Truss, as here designed, is, that the principal 
members of this system are nearly uniform in their sections, and that they arc not alternately 
exposed to such opposite stminii as compn«<ion and tension in succession. 

The cables ana stays exi>cricnee tensile strains only, while the arches are exposed to compressive 
action alone. This feature will add much to the lifetime of the structure. 

An objection may be raised to the parabolic form of the arches, because of the variation of 
bevels at the joints. Tho difference, however, between the segment of a circle and the parabolic 
curve, with the proportions here observed, is so small, that the substitution of the one for the 
other will not have the slightest practical influence. It will therefore facilitate the work, to cut 
all the joinU to tho same bevel for a circular arch. Respecting the cables, however, the suspenders 
should bo calculat'd for a pambolic curve. 

Ftoor-^ims , — The beams supporting the railroad track arc 5 ft. apart and 12 in. deep, and 
weigh 40 lbs. a liui'al Foot. If manufacturetl of good iron, a load of 2.3 tons, equally distributc<], 
will not prodnee a srmsible deflection, and a load of 15 tons on the two rails will be within iU 
elastic limit. The lower flange of each beam is riveted to the upper flanges of Uic chaniiel-lnrs com- 
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prwinj; tho chorda, aixtocn rivcU of f in. diamelcr for i-ftch beam. This forma a very atiff horizontal 
conucctimi of the opp«i«itc chorda, and rcndcri! all further diagonal bracing unncceaaary. Thia atiff- 
ncaa ia further increaaod by tlie »-in. i?irder«, niniiiu« h n^hwaya uiMleraeath, rivote*! to the boaina, 
and conmvtwi with the timlfor Btrin^» r». the raila, aud the Im-achinj?® by Htimips 2 ft. G in. ajiart. 

The upper joints, comiucting the archea ami upf>er chorda, are channels 7 in. depth, of a light 
section, one on each side of a jKwt Imltctl to it and rivet«i to the fiangt^ of the archcH and chords. 
Fig. 1453, wliich is a section on tho abutment, fully explains the details. S<o far as the upper 
chools in the side spans are nlate<i, the joints arc of 7*in. l>eam section in place of channels, their 
lower Ganges rivete<l to tho pintc», Figs 1454, 1455. 


14&X 



/HoijofuiU in Pnnflf . — The object of the pnnebrods is to imjiart stiflbcss. and to spread any 
conccDtrabd pressure over a large exUmt of tru.*w. In the centre of the main span, the pressure 
iition any |K>int is sprtwl by Ibtfsc rods over 4 panels, or M) ft. of lengili of truss. For every row 
or |msts tliere is a pUne of diagonnU ; couso^ueutly then! arc 4 liuce, each rod 1| in. diameter, with 
acrow-cnd.s proportifjnally enlarged. 

Fig. 14.H explains how two diagonals are joined in one, and how they arc boltnl to the sU'ni 
of the |>ost. between the upj)cr chonls. 

It will ijc noticetl that those ^Kls all radiate toward central screw-rings, for the purjsjse of 
screwing them up to a proper tension, and thus to iiniwrt stiffuess to the framing. 

Any l<i^ upon aiiv oim' |R>int will make an impreistinn U|Mm 2 to 3 floor-lx^ims. and IG rtxls, of 
11 in. tUametor each, will be brought into service, and distribute tho weight over a large extent of truss, 

.V/orm-ctiWc.i.— The armngeiueiit of the storm-cables is fully explained by an in«|)cction of Figs. 
1428, 1429. Two wirc-rojH.w of an uHiinato strength of lOU tons each arc stis|)C!ndcd btdow tho 
floor in such a manner ns to form [jarabolic curves. By this rdan no longitudinal strains am 
thrfjwn ujion tho suju^rstructure. All the strains are dirf-cU-a tijion the flis>r-lH’«m8, atnl are 
regulated by screw-lx>Its t*> give the cables n pro|)er tension, 'fhe br>rizontal dcfl«'tinn of these 
cables in the centre span is 41 ft^ or aliout of the span, and thcri'foro tlie coefficient of tension 
ia 1*70. If wc assume now that the force of a high wind should lie so great as to product' a 
unifonu horizontal pn'ssure against the structure ctpial to tiHi tons, then thestmin on thecahle 
would be 1‘ 70 X 20= 34 tons, or about ^ of its breaking strength. This tension miglit be 
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incrroiWHl even io 50 tons without at all oiulanfroring tho aafety of Iho cable*. But little mirfacc 
ia exttoaed to the wind Tertiotlly eit well a>* horizontnlly. 

It ia well known that on a structure itUHfieudet! at a hiKli elevation, the wind exerta rtion^ of an 
uplifting JM>wer than of a horizontal action. Tlie uplifting force ia ainplT met by the weight of 
the Htnictar«‘ itM>lf. KHtimating the vertical an^i ex|>otir'<i to horizontal a«^ion at lUKH) ht|. ft. and 
a pr« HHure of *t0 llw. a w{. ft. applied all over, the aggregate preM>are would lie 1H),0(N( Iha., and 
would l)C met by the »trengb of the cablea. In thiH calculation no aIIowanc<> ia made for the 
inherent atiiliK-iwi of the horizontal framing at the np{H‘r and lower chnnln and the top of the archea. 

Ah has been re^iuarketl iH'fon*, an ohjectionable feature in the plan l>efon< um in the grc'at 
height of the arches in the enmire of the main Hjian, and its tendency to laterHl necillationa under 
the action of fast-moving trains or fnjin tlie eftccts of heavy gm*ts of wind. Where, therefore, a 
nneesHity exi.Hts to preaerve the whole a{Nice Indow the low4>r chorda clear of all obstnictinn, either 
a double bridge roust bo envtod at oucc, the two ccmnccteii together, or a more effi>ctive horizontal 
bracing must be put up in localith's which arc exposed to very high wimis or hurricant«a. This 
horizontal security can incrramMl by hiiivicr diagonal ties lietwoeD the upper chords and arches, 
by doubling th«‘ sUim^-cables and by adding diagonal bracing. Any amount of M.>curity may thus 
be obtainciL It will W noticed that the eontractions and exiMinsions of the stomi-cables from 
rhangea of tcm(»crature are not at variance' with thoso of the trusses, la'cansc they form one con- 
nected whole, and will always move together. 

of Riutiruj thf Snijefftrui'iHrt.-'A most important qucatlon is the practicnhility, safety, 
and cost of erecting the su|sTntructure of such large spans as here pro|)Oi«Hl. Hhort sjiaus may be 
raiseil on temporary scaffolding, one sfian at a time, with facility aiul little risk. But the task of 
nutting in place H|ians of great dimensions in a river which is subject to sudden rises, full of dtsit- 
ing and with an unstable Wl, is formidable, and uiay in certaiu stagt*s aiu) at certain 

seasons liecome iiiipructi(*able. 

The history of the erwtifui of the 500 ft. Mjwn of the Kuilcnbnrg Bridge in Hollaml 1ms ftir- 
nishetl a practical dcuiountratiou of the difficulties involved in such an enterprise. Before the 
entirt^ completion of the large K|ian of that work, a heavy gale spnmg up and ilcmolixluMl all the 
scalfoldiug, hut left the trusM's uimfTceb'il, their itearing |Mirts having Ix'eu previously all safely 
conneete<l. Had this high wind occurred a few days wwner, the whulo su|)erstructun^ would havo 
hei'n thrown down a total wreek. 

It may be of inh'n'st to mdice here the method pursiuyl by the contractor tho Coblenz Brnlge 
(the same who put up the Kuilenburg Bridge) In raising the three arches of that work. Tho two 
halves of the arclu>(l rilwt were coiii[dettsl ou slHm\ tlien laimohoil and flmtetl on Istats to their 
di'stiimtioQu whence they were raise<l to their permanent position and counecbtl. Tho raising 
was done by a hy<lrwulic press gup{)ort<sl on a temporary scairolding put up in the centre of the 
Hjjan. Arclies of a little over 300 ft. may be managed in that way quite successfully anti ccouo* 
micidly. But when the hinui is doubled, tho draw l*acks attending this process are wIm) doubled, 
and it will be wise to mnaider other methods. 

In (vimpariiig different plans of raising, the questions of relative economy and of speed of 
execution are of much less im|)ortanc<? than is the question of That method should bo 

luinpted which eiimm's ahwdub' safety umler all circumHtancea Fortunately, the plans of super* 
structure here prr>posed. while exhibiting economy and strength, also admit of the safest mode of 
erection. The l*aralK>lic Truss, as here devised and moditlt'd. U a combiiiation of the sus|MmHioii. 
cable and of the arch. If, therefore, wc Hus{>eud the cable first, we iimy afterward susiteud tho 
arch to it, inde|>eudent of scaffolding, Hood, or ice. The whole work may be put up in this man- 
ner, without the use of any scaffolding whatever. Should the season and stage of water, however, 
bo favourable to Hcafff»l<)ing, then a few light l>enrls should l>e used, supported on piles and 
oonnoctcel with the suspended platform by hemp'ropo lashings, in such a tnamier that in the 
emergency of a Kiiddeii rise, the laslungs may lie cut in a few minutes, and the l>euds allowc'd to 
fl<*t off without doing any further harm. A few such light scaffoid-rraims put ujii, sav every 50 
or 100 ft., will much assist in preserving the prtqx'r level of the susjH'iided platform, arwl then-fore 
facilitate the joining of the various membt^ra of the structure. Thfwe, particularly, who are w ith- 
out experienc«> in sus))cnded structun-a will find the asHlstance of la-nds very usofuL But they 
arc not a necessity, only a convenient auxiliary. 

Afl<*r the masonry of tho first control pier has been completed, the erection of the wroiight- 
iron shafts com|) 0 «ing the tower will la* commetuntl, and the saddles placcil on top and sccuml. 
On the second c<*utre pier where the stqjcrstnicture is not to la* fix»sl {H-rumnently, but allowtal to 
contract and expand freely, the roller-plates and rollers have to lie laid down first. la*fore the 
erwti«»n of the towers c«u be prorv^nhsl with. The samo must lie done on the abutments. First 
lay down the roller plates, then put up the poets, chords, and Ironsverse licaius. so far as tho 
masonry furnishes supisirt. Also put up the anchor-plates, and secure these to the iiosis. It is 
also necessary to secure the stability of the ends of the trusses on the abutment still further by 
teintiorary wooden and iron bracHs. (.treat security will be obtained from the lateral wirv-m|ie 
broc«», when put up and scrcw'pd tight. 

A temptirary anchorage will now have to Ik! pr<*pand for the purpojic of meeting tho strains 
caused by the cahleH. The wire-ro|*i>s providetl for the storm-cables may l)c useil for this purpose. 

By making an excavation alsmt 10 ft dc<!p and 25 ft. long by 25 ft wide, and driving a few 
piles in front using some uf the 12*in. irou bcauu, rniln.iod bars, timber, and stone, a temporary 
anchorage luay l>e made, which will safely resist a strain of 500 tons. 

In order to have the means of regulating the tension of the teuijiorary anchor-cables, and to 
provide, to a cN*rtain extent, for miitroction and ex)>ansion while engag»^ in raising, it will be 
adrimblc to <lefi<<ct tho anrbor-cabh-s a few feet, and anchor them in the centre lietwoen the 
anchorage and abutment to another temp<irary nnehorage, by means of long scr»'W-lH}ltj< and 
stirnips, nr by block and tackle. This will afford the means of allowing the anchor-plates P* 
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more forward towards the rirer jiutt enough to closo the arches and chords. Allowance must 
also be made for stretching the cables. 

Wo have now pritrecMliHl far enough to take across the river two of the smaller cables or ropes 
which are to form parts of tlie large cables. An easy m^nle of accomplishing this will bo to remove 
the reel wliich i'onhtins one coil of wire*ropo upon tlie deck of a flat boat or barge, and to mount it 
upon a strong, wcll-sceurcd frame, on a spindle which ri^ts on bearings, and U allowed to revolve. 
Nc>w piYtvide one <ir two brakes to ebrs'k and regulate the speed of the revolving reel, and employ 
a tug to tow' tl>e Ijargo across the river, either above or bidow the lino of piers. 

The end of the n»|K! should of course bo first secured to one of the anchor>plaiea before starting. 
On crossing the river, the rope is simplv dropped upon iti bed. The other end being landed, U 
now temiK>mrily st>cured tf» its anchor-plate, and projmratioDg are made to hook up the rope at the 
centre piers, and to raise it to the top of the towers. Hero it is rested on teini>urary timber«blocks, 
which serve as saddles, and are secured alongside of the cast-iron saddles. 

After two wiro-ropes have lH?en taken across and suspended, their delUs:tinn must be adjusted, 
and tht'y am then further Mtcunsl to the middle towers by aerew-clamps and bolts, to prevent their 
slippiug. Tlie object of these temporary' suspousion-cables being to facititato the ooustniction of 
the main cables, it is ailvisable to defitict them about 2 to 3 ft. the main cables, so that they 
will run nearly parallel to them. This being done, light timber-beams or scantling, say 24 ft. 
long, may be thrown across the two opposite ropes, and lashed to them frotti Mu\c by hemp lines 
at distance.s of about 4 to 5 ft. apart. This process aliouhl commence at the two middle towers, 
and should be carrif«l on lioth w'aya. so that the spans will be equally weighted, and tlieir equili- 
brium maintained. Planks are pushed forward over the beams and secured by lashings, so that 
two foot-walks are fnmnxl, each about 4 ft. wide, in lino of the main cables and underneath. 
Where these walks arc very steep, the planks may lie cleaU>d, to m.<cure a better foothold. 

Two footways havo now been put up, extending across the river from one abutment to the 
other. To facilitate the crossing of men not use<l to high elevations, two amall wire-ropes i to } in. 
diameter may l>e suspended juid above the ]iosition of the main cablca, and connected laterally 
every 5U ft. by smaller chordk The men will take hold of these ro{>es while crossing, and uso 
them ns hand-rails. 

This being accomplished, we are now enabled to go from pier to pier and to pr^rform work 
indo}>ondent of the river. As the stays arc placed in the bottom of the saddle, they must bt> raised 
first and put in place, allowing their etuis to hung down the piers. This being done, the first 
permanent cuble-ropo may now bo fastened to its nncbor-platc at one end, then taken across the 
river and run off the reel in the shiiio manner as before. These ropes are to bo dnipiHnl upon the 
bed of the river, either above or below the piers, always on the side of their respective towers. 
W’benevcr a ro{te has thus been run off, it must be mis<Hl and placed U|K>n the saitdlcs before 
another one is launched on the bed of the river. It is also necessary that each rope should bo 
properly placed and its deflection adjusted correctly before the next one is taken up. 

The section of a saddle on Fig. 1437 exhibits plainly the different layers of rope. First, there 
are four laid down in the bottom, forming the first row ; then one is addtd at eacli end in the 
second row. These six mpea are the stays. Next come the three ropes which compose the first 
or lowest layer in the cable ; this is followed by a second row of four ropea; next comes the oentro 
layer of fi\*o ro))e8 ; next, a layer of four ro|)cN, and then the top layer of three ropes; the whole 
number of 19, which are in a cable, forming the section of a regular hexagon. 

It is aIl-im[iortaDt that the five different layers sliould preserve their stratification and their 
proper level throughout the wbolo length of cable. To facilitate this oi>cration, strijMi of canvas 
or strong cotton sheeting, say 3 in. wide, may be wrapped around each layer, 
and afterward again n-moved. Whenever a mpo is addtd, it should lie secured 
nt various points by ties of fine anncalctl wire. The best plan, however, is to 
introduce short strips of tin. Fig. 1496, which cross each other diagonally, the 
whole being kept together by temporary wire or hemp strings. After all the 19 
ropes have thus been sus])eudcd. adjusted, and collected into one cable, strong 
temporary wire-bafids, made of No. 10 annealed wire, must be put around every 
10 or 15 ft.: which o|)cration will he greatly facilitated hv using iron screw- 
clamps made in two halves, and fitting the section of the catilc. 

Utsferring to Ftgs. 1436, 1437, wo notice that the latticc-lH’ams which connect 
the opposite saddles of each tower may be omitted for the present, and that the 
two ropes for the footwalks may ho supportc<l on the croas-bcams next below the 
lattice, which w'ill lie about the right elevation for cable-making. 

It was remarked that the two ropes aus|)ended temporarily for footwalks arc to 
be laid into the main cables crentnaUt/. This method is recommended for the imke of economy. But 
if some more wire-rope is on band, strong enough for that puiqiose, then it w ill be better not to make 
temporary use of the permanent cable-ropes. It is supposed, however, that there is no spare rope 
on hand, and in that case two of the cable-ropes are to be suspended for footwalks. one on each 
side. Now, after the other 18 ropes have been raised and adiusted in each main cable, the cross- 
beams which support the foot-plank may be suspended to tnc main cables by simply thrnw'ing 
small manilla ropes over in such a manner that they can be easily removed. This being done 
with all the bcama, the two wire-ropes which supports the foot-planks are now free and may be 
raised into the saddles, adjiisUd to their pro|>cr levels in the various spans, and both ends secured. 
After this is done, the manilla suspenders over the main cables are now lifted, one after uiiothcr, 
and thrown over the last wire-rope, and again fastened to their respective beams. The cables arc 
now ready for the pt'rmancnt susjiendcrs and straps. The latter are heated at one oi^rnor, an that 
they may be remlily cloeod and screwed up tight. To prevent injury to the cable, a piece of sheet- 
iron is laid around it: the strap is then cIosc<l and cooled off with water. A small hand-forge 
may be moved along on the suspended scaffolding for that purpose. 
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Tt will bo ft Rnmowlmt difficult tft«k for tbot»o not oxporionrotl in the conslrurtion of wi«Mwblo 
bridtfi-ft. to thf* oftbio stmjM niul flUBj>ondi*r» properly Kpatynl. 

M4■a^ttrell)entt fr<»m tbo tower* boin;ir uneerlftin and the mblea movable, no RntiftfActorv adjiiMt* 
ment can Ijv effiTteil in thb wny. But, either by cftlcuUtion or netual ftua|M‘nHion, or both, 
meamm' off the netual dixtanre* ujion a xmall wire-eonl, or uj«on n aln'jle wire. The*<‘ di*tnnee« 
in the HUspendint cable form the hyiJothcniiBe* of ri^ht>AnKhsl trianslea, the horizontal ba*o of 
w'hich i* a nmstant, e<)uikl to the horizonhil ♦lUtance of the ftu.Hp«mdeni, The vertical is variable, nn«l 
in wjnnl to the difference of the lerurths of the two adjoining HU*|M‘nderM. Thei«.e triAn;;leM may 
nil l>e laid off on one bonnl, an<l the h-ngtlt of the hy|M)tnenuaca tmuHferred u]>nrt the wireH*ord ninl 
marke^l by *mnll wrapping* made of fine win\ ao that they cannot be shiftKl. This wire line iii 
then AuatK iidc<l alongniilH of the ci'iitre of the cable, nml whitelt>ad mark* are put upm the latter, 
which will oorre«[)ond X^^ the coutro of the 8U.Hpendc4l roj>cM. 

Th«**e mt^aHun^nienU and inark.s Iw'ing correctly matle, there will l>o no further difficulty in 
•pacing the 8u*|K-nderH correctly; thoir IenJ^th will come out nearly correct, and the Ik«iiw stis. 
pendiM in them will U* found equally simct'il. 

The main cnblea being complete*!, they slmid*! be further iw*c«rccl in their »oddh?s by bedting 
down those cuahionK which arc to prt^voni their alijiping. A tcm{w>rnry platform must next i*o 
suspende*! l>elow the level of the lower chortls, strong enough to HUf»porl I tfu» a foot lineal. The 
BU«|>endcn* l>cing 10 ft. a|mrt, timb*T-l>eain« 24 ft. long, about 8 x H. may l»e HUHpended to them 
by mean* of t« m{>orary sttrrujw, so mn*h‘ that the level luay be a*ljnst«l. A plank-wnlk alxuit 
5 ft. wide fthnuld then be laid down umler each cable. The next *tep i* to lay «lown u|>*m these 
plank-walka the chnnneUlMrs which nn> to ftum the lower chortls. Care must hi* ha<l to distribute 
tliOMc liar* evenly and uniformly on each side of a pier, and in all the sfmmt at the aamo time, so 
that the c<|uilibrium of the enbh^ is not much klisturlied. This distriinition being properly made, 
the bars may Ik> cnnnecterl by lw>lts temi>nmr>ly, and {Xirtly spliml, but so tliat the |M>sis ran 
afterward be set up l)ctwccn. 

In ortlcr to mid to the weight of the platform, an<! increase its stability, the tni««-|>ost* should 
now be distribute*! unifonuly, ami h»id down alougisiile of the chortls. all over the work. It may 
also bo the pnqs'r time t*t iiwk** use of th»* main-stay^ ami to attach their ends t*;mjK>rarily to the 
lower chords, ami t*i the platfonn. When up, they will not only add to the supporting p*>wer, but 
Also to tlio Hti^iulineas of the nlatform. The whole pmw^ of erwtlon will lx‘ much faciliUkted by a 
narrow track, laid down in the «*ntre of the plalfirm between the two walks, for the «up|»ort of 
A few small trucks, on which the Iwra may lie tmiismirte*! fr**m U>th abutments. With a favourable 
stage of water iu the river, the delivery of inaterials may also be forwarded by boats moonxl at tbo 
piers and hoisting the Isvrs up, then distributing on tnicks. 

The work has now so far pmgresse*! that we may proceed to put up the posts. Tliere arc 
several nietluxls by which this may be occomplisheil. (.hie plan is to procee*! from the centre 
piers each way toward the main s^mn and the side sjstn.* uniformly at the mine time. As s*m)d ns 
one or two wrls of ports nre up. connect them by the upper chords, and also secure the latter bv 
transvers*’ Ijcams nnd tempr>mry wonrlen braces. Ni*xt, put in place the pauel-rods, which wifi 
increns*' the stiffness of the fmming consiilemhly. 

While this proc*-ss i»f building out from the piers is going on, the level of the platform must lio 
maintnhiMl at the MWiie time, by distributiug the Uirs for the |)osts nnd clionts all along. The 
weights being uniformly dirtribub'd. the level will be pr*'S4'rved, ami the stea<iinewiof th*' plntfonn 
will also be increAsed. A few small wiro*ro|tes may likewise bo appliCHl Wlow the platform, 
fastened to the mat«>ury of the piers, to serve as storni'Cables, in eaae of a heavy blow. Bef*»ro 
commeucitig witli the arches, the jxists nml upper chords may lie put up through the balaucti of 
the spans, the |ianel>roil* pul in, the cross-connections matle, anil the trusses n<*arlv eompleb‘41 

f naiigi's of temperatm^, causing ex]<ansion ami contraction, niay be act'oiniutslabxl Ly jdacing 
the lower chords on wo*xien rollers about fi in. lUanu UT. 


Hlight changes will not U? notice*! : but should griwt ebangea take place, and nrmluce con- 
siderable contractions nnd expansions, it will be gotw! p*'Hcy to provide slip-joints in the chonls na 
well as the arches at viirimw ttoints. nml use a few temporary splicing-platHs to that effiTt, or 
timbers bolU-d on stdewayi*. No rigid counection should be made at any place ; no riveting 
before the whole stnicture is up. 

It was remarkcsl that the whole superstructure may lx* put up and completeil willioiit tho 
AJMistance of senffohling. I'his can Iw diUic, if absolutely necessary. We theo'fore pro|iose to 
scaffold one of the sale sfmua. or both, leaving the central span of»en for navigation. This being 
done, we may put up the arches in tlie two side stmns. and also put upone tran.^verao iron Ix-am every 
20 ft., to give a g*iod, pennaneut lateral eonnection to the lower fi«s>r. By tho completion of the 
arches of the side Hfiam*, tlie resistance of the anchor-plntcs will have been much incjtwsisl. 

One half of the bents under the side sjians may now be reinove*! with safety, and put under 
the spring of tho arches to tlie central opening; ami as much material may al.*»*> b*' dislribute*! 
over the platfonn of the central b|iad as will be necessary to Imlaiice the side spans. By this 
distribution we shall maintain the equilibrium of the cabb's. The thrust of the arches in th*« si«le 
spans will Ik* fully met by the hiwer choitls, which should be compb teil ; mi tliat it may lx* safe 
to remove all the U-nls from under the side spans nnd put them up in the centre *>peuiiig. This 
being done, the closing of the arches in the centre is now l«i be accomplished, and the tru.‘'ses may 
be »uffiriently comph’te*! to rcml**r a further siip|>ort by scaffokling uimccoHsnry. 

If, during the process of erection, a sudden flood should occur, or flisiting mnssea of Ice 
endanger the sab ty of the HCuffohUngs, the latter should Iw watcho*! *lay nn*l niglit, and cut loose 
if necesaary. Thi* may cause some tlelav, but no further damage. 

If the spring of the arches desccmls below tbo lower chonla, the raising of tho superslrucluro 
will be easier: and (his plan should always be adopt***! if ftnsaible. • 

^siatftnfnt of /Ac Stratm i» /Ac diffrfnt mcioAcrs of o T>‘n*9fti Girder Bridje nf i-JOO //. »pnn in the 
eitar. — This iron truss alone weighs O' 85 ton a ft. and is proportiemed to sustain its own weight 
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Total ftggrcgnte weight H4,t>27 

Add onc-half the additional weight of flnnr*l>eaina, raili*, cm^^braeing, and eo on U3,83ti 

Add ono-half the extra items — rivets, bolt*hcads, nuts, Bplicing'plat^ and so on ' 21,337 

Total weight of one-half the bridge, or one line of truss 2W), 100 lbs. 

Weight of whole bridge = | 200 '1 tons. 
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nml a movinjr Ina*! of 1100 U»9. Tho wire cabltw support a moving lowl of only l'.«K) Uw. a ft., 
Kig. 1457. Tension allowud in iron is 5 tons tlxo mj. in. The compressiim allowed is 4 tons Uio 
aq. in. Pant’l s 18'. 

U&7. 

306 fi. >pan. 



In the foregoing estimate, we have taken the weight on the bridge at T 4 ton a ft. run. The 
weight of the structuro itself is = 0'85 ton a ft. run. Tho bridge will therefore support, in 

addition, a moving load of 1*4 — 0'85 = 0*55 ton, or 1100 lbs. a ft. run. 


Ibaaft 


Moving load 1!M>0 

Top plate .. .. 400 

Calde 12.3 

Suspender 28 


Total weight supported by cables .. 2541 


Steel Cables. 

153 ' 113 ' 



Tons. 


Total weight for whole bridge = 2541 Iba. x 300' = 777,540 lbs. = 388 T7 

Tension in cable, 1*58 X 388*77 tons =5 <U4*25 

Oxupression, Fig. 1458, in upper chord due to the cable = 1‘5 x 388 77 tons = 583- 16 

Tho cable being mneh smaller in this example tlmn in the nrevious one, each will consist of 
only seven ropes : and taking the maximum tension allowctl as ^>fore, at 5 tons a pound a ft, we 

have tho strength of one rope = — — = 43*88 tons; and tho weight a ft. of such a roj® is 


43*88 

— ^ — := 8*78 Ujii. Tho diameter of this rojie is 2^^ in., and the diameter of one cable 7 in. 

ComprcMUM. — The section required in the top plate is = 143*79 sq. in. Weight 

a ft. 5s 145*79 X 3*36 = 490 lbs. * 

Some of this weight will be thrown upon the channebbars, as in the previous cose. 

The heaviest sectiem of channebbor la 56 sip in., equal to 142 11^. a yard. 

145 *'^ 

The section required for one top plate is — = T2 * 895. Hence we have left for the top 
plate 72*895 — 56 = 16*895 sq. in. ^ 

In order to keep the channel-bars of a uniform section throughout, we will add to this top 
plate Uie varying wetions of upper chord, required by the structure alone, in tlie calculation 
above. The following Table shows how this is done ; tho sixth lino givc^ the number of sq. in. 
of section re<{uirid in the top plate in each |)anel. 


Table of SEcmoNAL Area of Tor Plate m each Pakel. 


Namb«r of PukU. 

1 ° 

1 1 

t 2 

3 

1 4 

( 6 

1 8 

1 7 

1 S 

Total section of one' 
top plate 

72-895 

1 

72*895 

, 72*895 

72*895 , 

; 72-895 

72*895 

! 72*895 

72-S93 

72-89.5 

Section reijuired for 


1 i 








upper chord of 
structure 

1 68*040 

1 68 040 1 

66-150 

62-370 

56-700 

49- 140 

39*690 

28-330 

15-120 

A ggregate section . . 

140*933 

140-935 

1.39-045 

135*265 

129*595 

I22-0:i5 

112-583 

101-245 

88 015 

Deduct aitsumeil sec-1 
tion of ehamxt'ls . . } 

.'»G 000 

5B 000 1 

56*000 : 

S6 000 i 

56*000 

.wooo 

! 56-000 

50000 

50-000 

I-^ves for section of! 
top plate .. 

1 84*935 i 

84-935 1 

83*045 

79*205 ' 

73*595 

66 035 

56-585 

55*245 

32-015 

I fa. In. < 

in. la. 

in. in. 

ia in, 

in. in. 

in. to. 

1a. in. 

In. in. i 

In. in. 


Himensioasof top plate'42x2*02 42x2*02 42 x 1 •98|42x I *88.42x 1*7542 x 1 *57 42x 1 *34 42 x 1 0842x0*76 


I 
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RempxMation of vholt 

Tio-rnfK <v)unter-rocla, pn«t«, upper and lower chorda on one aide .. 

Additional weig^hi on one aide 

Extra itetna 

Weight of top plate on one aide, 72 ‘895 aq. in. x 3 36 Iba, = 245 Iba.,’ 

and 245 X 306 = 

Cable =8*78 Iba. x 7 = 61'5 x 312 ft. = 

8ua|)endcni = 14 X 306 s * 


\h*. 

144.U27 

93,h:16 

21,337 

74,970 
19,1 S« 
4.284 


One-half weight of whole stmetnro 358.542 Iba. 

Total weight of the entire atructuro 358' 542 toiia. 


Weight a foot = 


358.542 

306 


= 1171 ton. 


Statrmnt of /Ac Strains in the difrrent mefnhrrn of a Trussed (iirder /?nV/je of 300 //. span in the 
clear. — The iron trii^ot alone weiglui 0’62 ton a foot, and ia proportione<l to austain only ita own 
weight, arhile the moving load of 3000 Iba. a font is »uppnrte<l by wire eables. Fig. 1459. 

Tbe tension allowed in iron la 5 tons to a »t\. in. The comprestiion allowed is 4 tons to the sq. in. 
Length of one panel = 18 in. 

1459. 

306 ti. S}WD. 



In the foregoing estimate we took the weight of the bridge at 0‘62 ton a foot mn. This 
agrees with the result here obtained, sinee 0’62 x 306 = 189*72 tons, 

l.ct ns now put in a pair of steel cables to support, Ut. the moving loa<l : 2nd, the weight of the 
top plate re^juinHl to resist the compression due to the cable ; and, 3rd, the weight of the cables 


and of the suspenders. 

\h^. 

Moving load 3000 

Top plate 771 

Cable 193 

Suspenders .. .. 36 


Total weight on cables a foot run . . 4000 

Total weight for whole bridge, 4000 x 306 = 

Tension in cable =; 1 -58 x GI2 tons = 

Compivssion in upper chord duo to cable s 1 *5 x GI2 tons = .. 

The ultimate strength of gootl steel cables is 25 tons a lb. the foot, which is equivalent to 
176,000 lbs. a sq. in. solid wire>seetion ; the maximum teushm allownl is 5 tons a Ih. to the font. 
Wo have two eabk^ one on (foch side, each containing nineteen wirfr-rojx*s. lletuHj the strength 

of one rope is = 25*45 tons ; and the weight a f(»t of such a rojH? is — = 5*09 llw. a foot. 

The duunetcr of this rope is 1 *7 in., and the diameter of one cable of nineteen rofios is 8| in. 

918 

Gmprettiun . — Tho section required in the top plate is = 229*5. Weight a foot = 229*5 
X 3‘36 = 771 *0 Ills, 

In place of putting all this section into a plat<\ it is better to divide it by increasing the section 
of the channel-tiHiK in tho upper chord somewhat ; «‘«pecially since the sections of ebanmd-ljare 
oblaineil in the calculation aitove were so sinnll that they could not lie executetl in practice. Ix’t 
us increase the sections of tbe four channels in on© upjier chord to 56 s<i. in., wldrh is equal to 
142 lbs. a yard fur each chanuel-liar, the heaviest section rolled. The sectmii n*<iuired for one top 
» . • 

plate IS — ~ — = 111*73 sq. in. Ilenco vre have left for the top plate 114*75 — 56 =s 58*75 »]. in. 

In onler to IdH-p the clmnncl-bars of a imifomi section throughout, we will also add to this top 
plate the varying Hr<ctions of upp«'r rhorrl, re«|iiire<i by the slr«et«iro alone, in the enlculatioii 


Ton*. 

612 

IHJ7 

918 
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ftl>ove. The following Tabic shows how this is dime : the sixth lino gives the number of m|. in. of 
section rci^airiHl in the top plate in cai*h {mmd. 


Taiile or SiccmoNAL Auka or Toi* Platr in each Panel. 


Num}«r of I'fturl, 

I 0 

1 1 

S 

3 

1 4 

rv 

1 6 

7 

8 

'I'otal section of onei 

b»p plat* / 

H«H‘tion Inquired for| 

114*75 

1 

: 114*75 I 

1 

114*75 i 

114*75 

114-75 

1 

114 75 

i 

: 114*75 

1 

114-75 

1 ' 

i 114*75 

upjK'r chord ofj 
structure ,.| 

30*15 

1 

30*15 

20*31 . 

27-04 

25*12 

21-775 

17*50 ‘ 

12*56 

6-7 

A ggrvgab* section .. 

' 144*00 ^ 

144*00 ; 

I44*{H; 

142*30 

130-H7 j 

i:k;*5*25 

132 :M ^ 

127*31 

121*45 

iK-iluct asstmted stc-l 
tion of channels ..I 

5G-00 1 

50*00 1 

56-00 

5ti*00 ; 

56-UO 1 

56*00 1 

56*00 

56*00 

56*00 

Ix'nves fur section ofi 
top plate .. 

88-00 ; 

88‘UO 

88 00 

86*30 

83*87 

80*525 

76*34 

71*31 

65*45 

in. tn. 

in. lu. 

tn. in. 

in. In. 

In. in. 

in. in. 

tn. In. 

in. tn. 

in. In. 


I)irnensionsoftopp]ati>42x2'll 42x2*U 42x2 09 42x2'0542x 1 lK)42x 1 *S#242x I ‘SI 42x 1 •7042x T55 


I 


Rewpitttiafion of vhoU Wrights 

Tic-rods, counter-rods, posts, up]>cr and lower chords on one side 

Additional weight on one side 

Kxtra itciiiri 

W eight of top plate on one side, 114*75 X 3*:I6 = 385*5 per foot,\ 

or 385 X 5 X .3 0tJ= / “ 

f>ne cable, 312 ft. x lU x 5 00 lbs 

Kuspemlers, 3C x 300, or. for one side, 18 x 306 .. 


One-half weight of whole structure .. 343,364 11m. 

Total weight^ the entire structure 343*36 h>ns. 


313 ’tW 

W'eight per ftx»t ss ^ = 1 • 122 Urn. 


Hm. 

.. 78,741*3 

.. 93,K46*0 

.. 17,142*7 

.. in.WEt O 

.. 30.173*0 

.. 5,508*0 


For further particulars respecting this system, the rentier is referred to Rocbling's large work, 
published by 1). Van \r«traiid, N.Y. 

UfMquo hriili/rs are bridges in which the axis of the arch meets the supports in an oblhjuc 
direction. Railways liavc much nereasitj for this kind of bridges, be«»use tho survey frequently 
luakcH it necessary to cany the track over a rmul or a canal, wliicli it intersects at an angle more 
or less acute. From obvious eccmoinical considerations, only the leading arches ami courses of the 
springers are constructed of hewn stone ; tlie body of the arch is fonued of materials of a weaker 
description, often of bricks. These considerations have led engineers to the c«mception of a plan 
appropriate to this kind of constnicthm. Tlm'o priuci|xil systems are at present in use in the 
cnniitriiction of obiiqu« 6niid^s ; the helicoidal arrangc'ment, which was originated in Kngland : tho 
orthogonal armngemont, invonkd in France ; and that of upright arches ca rriraitf, a very ancient 
system lately brought into u»e. In each of the two lirst systems, the arch is scisirircular. and it is 
the mode of ito suUlivision into Tonssoirs which distinguishes it from ordinary semicircular arches. 

TV IMievidai .4riMie/«n«*nf,— This is so nam^nl fn>m the fact that the e<lgea of the inward arch 
are spirals, and the bed-joinU, as well as the upright jointa, are helicoidal surfaces of snnare- 
threadM screws. Tliis arrangement is determinwl in the following manner: — EK atul F J, 
Fig. Hfr4, Ih) the spring lines of tho intnubia, OH and C4 L those of the cxtnulos; UL and 1)G 
the hori»mtaI dmughts of tho principal plants: let K'VF' and K V J be the vertical poyectiona 
of the intensectinns of these principal planes with the intrados; let D'C' R'O' be the projectum of 
the intersection of tho extmdos on tho plane DG ; finally, let abed and A HO D lie tho upright 
sections of the intrados and cxtTwltis. develo]«’<l upon the jilane of tho spring, which is h<?re tho 
horir/mtal plane. We will snpfsjse thc-se upright sections to be circles, and commence by con- 
structing at afifiV the development of the intmtlos: we draw the chnnls afi and a'fi', dividing 
them into the same numl>er of «qual ))arts. at tho points 1, 2, 3, and so on : 1', 2', 3', and so on. 
W’e join any one |>oint of division of a ff with a fsiint of division of afi, so chosrm that the line of 
junction diflera as little as jiossible from a porpcndicidar common to the two chords aB and a' /S'. 
We aoe here, for example, that to fulfil these conditions it is necessary to join the point 4' to the 
point 7; in the same way the point S’ to the point 6, the point 2' to the point 5, and so on : the 
point 5' to the point 8, and soon with the rest. W'e sliall thus obtain a series of jiarHilel and e<iui- 
distant right lines. Ilie mimiter of the divisions of a/3 or a B’ should be reguIatiMl jj) such a 
manner that tho distance of two consecutive {nrallels should be espial to the thickneas of the 
mab-risls which are iutendetl to bo uiw<l for the body of the arch, or should only slightly exceed 
that thicknt*ss. If wo imagine the figure aBB' a' to W appliwi u|»on the cyliiuler of tho intrados, 
the mmllels in question will boernne spiral parallels. Thuse are the spirals which are taken a 
guide for the «!g»*a of the inwnnl arch. We obtain the noqwtions of these spirals in tho folloaing 
manner: — If from Uu* points of division of ofi and aB\ which occupy the snnio level, we draw 
right lines, they will he iiarallel to the axis OCy of tho arvh, and will l>o nothing more or loss 
than the generatrices of the intradm. To obtain the projections of these generating lines, we must 
divide the half-circumference a 6cd into os luany wjual pnrU as ; and from the |M>ints of divisi<*u 
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draw pomllclji to 00'; tlicRe arc the horizontal projections of tho jfcnemtinp line*. From 
the iminto where thcije prfycctiotiH inwt the right line K K» wc draw poipendiculara to the liase 
line XY; the points where these perpendiculars meet tho 8emi-elli|»oe K' V F' will belong to tho 
vertical ptojoctions of the corrc8|K»nding gencratricca ; and, by drawing from these last points lines 


poiallel to X Y, we shall have the vertical projections themselvc*. This being timlerrtoo*!. if wo 
wish to obtain, for example, the horizontal projection of the generating lino 4' 7, wo mark the 
points «. 9, C where it mci'U stiorcssively the leading curve a i 0, the generatrix C‘6', the genera* 

trix 5*5', and the loading cun’c a’i'ff: from these points wo draw lines perpendicular toOO', 
ending respectively on the right lino EF, tho horizontal projection of the generatrix C*6', on that 
of the generatrix 5*5', finally on tho right line K J ; we shall thus obtain four points, c. /, t, r, of 
the required projection, and it will 1)6 easy to trace this projection. In tlic same manner, tho 
horizontal projection of tho other spirals will be obtained: they are marked in dark lines in the 
quii^rilaU'rol K F J K. To obtain Uic vertical projection of a spiral, it is necessary to mark tho 
]xiints where its horizontal projection meets the horizontal projietious of the different generatrices 
of the cylinder, and from these points to draw lines per* 
peodicular to tho base line, until they meet the vertical 
projections of the same generatrices; we thus obtain the 
curves c* A, 6' /, and so on. 

Spimi mr/itcft %rith a gqunrt-thrfnded iirist are taken 
for the bod‘joints: that is, each of those joints is governed 
by a right line subject to remain parallel to the plane of 
the upright section of tho cylinder, and to rest constantly 
ui>nn the axis O O' of this cylinder, and upon tlic spiral 
wnich forms the odgo of the inner arch corresponding to 
the joint under oousidoration. Before going further, it is 
necessary todetonnino the intersection of these spiral joints 
with the lending planes. The intersection of a spiral sur- 
face with a plane may bo constructed by the ordinary 
metbods of dascripUve geometry. Ix)t us suppose that tho 
vertical lino 01, Fig. 1465, is Oic axis of tho surface; and 
tliat the directing spiral has far its horizontal projection 
the circumfcronce 0 A, and for its vertical projection the 

sinusoid AB'A' ; and let PQ be the vertical 

tracing of the intersecting plane, suppo^ to bo (terpen* 
diculsr to ttie vertical plane of projection. I>mw any 
auxiliary horizontal plane K H ; this auxiliary piano will 
intcraect tho hcliooidu surface according tna horizontal lino 
which is projeet(>d vertically upon K H, and horizontally aocording to a radim ON, which will bo 
determine oy tho condition that the ere ADN ahuJl be to tho entire circumference in tho 
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ratio of A II to the A A*. The sorao anxiliarv piano will intersect the plane P Q. acconl- 
int 5 to a line jjerpeinlicular to the vertical plam% which i« projecUnl vertically according to tho 

S nint M\ and Imriz^mtally, aconrdiiitf to a litiu r/iM. )M>rp('nilicular to the Imtie line. The point 
(, M'f liolon^iiit; at the eamc time to the generatrix 1 H, O N, , and to the intersectiou of the auxi< 
liarv and the interw’cting plantw, is a point of the intersection of tho plane P Q with tho heliooidal 
surface. We can obtain in the «Liue manner ns many points of this intersection as may l>e desired. 
For facility of working, it will be convenient to divide the circumfonmee A II and the space A A' 
into the same numWr of c<)ual parts starting from the point A, the points of division of the sanm 
level will give the radins analngtms to 0 X, and the horizontnl plane anahigous to K H, which will 
determine one |K>iut of tho desired lino. Having the projectiomi of the required intem*cti(m, wo 
can obtain it in its true dimensions by describing tho plane P Q around its vertical tracing. 

To srdvo tho same problem, we can also employ calculation. If we take fur the axis of s tho 
axis O I of the surface, for axis of x the diri'clion of the rnditts OA, and for axis of y a |X'r- 
)H'ndicular raiUua, designating by h the 8i>oco A A' of the directing spiral, wo shall have for 
ixjuation of the helicoidal surface, 

A V 

* = arc tan. — . ril 

2» K 

If a dt'signatea tho angle of PQ with the sixis of x, and 6 the distance oc, we shall have for 
equation of the intersecting plane, 

« = X tan. 0 + 6. [2] 

Kliminating x from th(«e two equations, we obtain tho equation of the projection of tlie desired 

A X 

intersection uj^on the plane of xy: that is, — arc tan. — s: x tan. a + 6, whenco 

2 v 

y ss X tan. ^ (x tan. a + 6), [S] 

which curve wo construct by points. The intersection of tho dividing plane with the vertical 
evlinder, which has this curve for its base, will be the iiili'rsuction of the same dividing plane with 
the helicoid surface. 

Whichever of the two methods we employ, wo shall find that uss. 

tho eurve which has for its eipmtion the n-lation [BJ, has a form 
anai^ouN to that indicAtod in Kig. 1+H>. It is cora|iose<i of two 
branches which linvo a comuiuu asymptote a a, and two other 
asymptoU's, belonging one to twrh, yy, all thriH> parallel to 
the axis of y. Otiier branches and other asymptoi*^ may be ob> 
tained by paying attention to the nndefined mrt of the helicoidal 
surfstv, which is cxWndid outside the rylimior, whose Imso is the 
circle A 1) It ; but this consuleretioo is of no value in the question 
with which we arc occupied. If we imagine a vertical cylinder, 
having for its base the two-braneh*>*I curve of Fig. l+»6, we have 
se<*n that its inttrraection by the cutting piano P<^, Fig. Wi5, will 
be at the same time the intersection of this plane with tho heli> 
coidal surface. This interaoction will eviuently liave a form 
analogoiiH to the eurve in 1+ki. 

For mch helicoidal joint it would be necessary to cv>mitmct an 
anid'>guus enrve, if it were desired to have exactly its intersection 
with the leading plane. But when the upriglit section of the arch 
has a great radius, as is often tho ease, the intersections of tho 
joints with the lending plane have only a slight curvatuns and 
may, without any appreciable error, be considered as right linns; 
we can then, in tho construction of these lines, pn*fit by a remark- 
able proj»erty of th»*»e curves. If from points, such as 6' and e\ 

Fig. 14G4, when* the intersections of the helicHudal joints with tho 
leading ]dane meet the curve of the intrad'w E’, c\ 6'. F', wo 
draw tangeuts Ui these intenKH^tions, all these tangents will como 
together at one point P, situatMl upon the vertical lino of tho 
centre O". Let us now oonsidur the equation [3]; taking the differentials of tho two terms, 



wo obtain y' = tan. (x tan. a + 6) + 
h 


rS?^taD. 
h 


cfw.’ - (x tan. a + 6) 


Now tlio orflinatc V of the print, where tho tangent of this curve meets tho axis of y, has for its 
erjuivaJent y — y'x; substituting for y and y' their equivalents, and reducing, we obtain 
2 w tan. a X* 


Y = ‘ 


oos.* — (x ton. a + 6) 


2 ir V 

But tho equation of the curve gives tan. - - (x tan. a + 6) = — , whenoo wo get 

h X 

2 w X® 

cos.* -T- (x tan. a + 6) : 


Substituting for Y, it follows that Y s 


2 w tan. a 


x- + y« 
(x* + y’). 
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If wo eonaider in particnlar the point of the curve whicli ia on the circumference O Fig. 14^, 
the radius of which wo represent by r, we may write 


Y = 


2 IT inn. a 


r». 


[<] 


which expression is independent of 6 ; that is to say« the distAnco Y would remain tho same if wo 
traasp^d the intersecting plane P Q in a direction parallel t«> itself, or. what amounts to tho 
iwmo, if W4! caustsl tho helicohla) surface to revolve m a direction |Mmllel to its axis. Dd us 
observe now, tliat all tho right lin€?s, which on being descrilsxl round the cylinder of the intmdos, 
have become the e<lges of the inner arcli, la’ing (>am]IoI right lines ; these e<lges of the inner arch 
are {tjual spirals. Tho surfaces of the joints which have these spirals as directing lines are then 
<y^ual thetnsi'lvHs; and they can 1)0 muie to coincide by CAitstng them to revolve sndlciontly in a 
direction {mrallcl to tho axis of the intradns. It follows from this that in place of cutting all the 
surfaces of the joints by the heading plane, ae should obtain tho same intersections by cutting 
only one of them by rilanes |>arallel to the leading plane situatcMl at convenient distances from 
this lea<Ung plane. Tho projections of the curves of InU-rsection u|>on the plane of the upright 
Hoction will then also be tno same, that is, that to obtain them it is sufficient properly to vary A in 
the ei|uation [3]. Hut tho distance Y is independent of 6; h»mco, if from tno |s»ints where tlio 
different curves which aro projections of the intersections of the surfaces of the joints by tho 
leatUng plane, mtsd the circumference a5d. Fig. 1401. wo draw tangents Ui those curves, they 
will come U>gethor at a point I. situated on the axis O O' at a distance from the centre indicated 
!>y the expression of Y. Bnt we know that the projection of the tangent of a curve is itself a 
tangt'iit of the projection of this curve. If then the lines B6, Cc, and so on. Fig. 14(H, arc tho 
projections of the lines B'&', 0‘c', and ao on, U);Kin the plane of the upright section, the tangents 
at h, r, and so on, an> tho projections of tho tangents at 6', and i» on. Now the tangents at 6, c, 
and so on, come together at one point I. then (he projecting j»lanes of which th*?s<i tangents an> 
the tracingM, and which are all |uirallel to the axis () O', intens^t in tho dinvtion of a lino iiamtlel 
to this axis jmssing through the point 1. This {NiruUel line meets the lea<liug plane at a point of 
the verlicnl «>f tho jioint O, which is projoctod at I' U> a distance from O" oijual to 0| I ; finally, 
then, the tangents of the ftninU h\ c\ nn»f so on, all roisd togidher at the point I'. 

Tho distance 0"I', or, in absolute value, Y, is casilv construote*!. Fmm the centre O of the 
upright section we draw a line fiamllel to tho tracing k K of the lending plane, until it meets at 
T with the prolongation «i F of tho lino of the spring : and from tho prunt T wo draw T Z pamlU-1 
to tho right lines 4'*7, «r 3'*(5, and so on, which are tho development of the etlges of the inner 
arch: aZ will be tho desired distance. Wo have nlnsvdy t^lbnl a tho angle GDA which tho 
leading plane makes with the axis of tho intnwlns : let us now call i the angle a T Z, equal to the 
angle a a' 3 which the develojsHt siiiral makt» with a line |)oralIel to the axis ; lher») results from 


this, tan. 


2wr 
h ' 


Now the triangle O, T <i gives T n = O, a tan. o = r tan. e, and the trionglo 


r 2 T r 

T 'J * gives aZ = T a tnn. i = r tan. a tan. i = r tan. a — , a quantity which ia equal to Y in 
absolute value. 

The ajqdic^tion of this pro|>erty to the purpose wc are considering is easily ma4le ; join tho 
points hy c\ and so on, to the j«>int I'; the prolongations B'6', C'e', and so on. of the lines of 
mnetioD will is; the hingents at c\ and so on, to the inti>rsoctions of (he surfaces of the joints 
by the* lra<Uug planes, and may be taken for these intersections themselves under uriUuary circum* 
stances wliert! these curves have only an inappreciable curvature. 

Tq dftfrmine thf upritfht joinU^ draw right lineat such m pr. Fig. 1401. iM'r|>ondicular to the right 
lines p a', u y, arnl so ou, which ar*? the <levt‘lopmciit of the etlges of the inner arch. Only a few of 
these. [) 0 r|MmdicuIars arc marktKl on tho sketch. When the figure aBffa is npplii'd to tho 
cylinder of the intrados, the per|M‘Qflicular in l{U(^stion become arc.^ of spirals, such as that which 
is pm|ect<sl at m n, normal to tiie eulges of tho inner arch. Helicotdal surfatvs with a («|uaro 
thrttuhxl twist having tln?se spirals for dirwlrices are taken for the upright joints. The arch is 
thus diviiksl into votusoirs by Hurfaces normal to the inner arch and pcr^icudicular to one auothor, 
which is the cssruitial condition of the arrangement of an arch. To obtain an intennediate |x>int 
of the spiral pMjoct«*d at m «, we take an intermeiliate iK*int ujam the right lino m for example, 
that which is found u|)*»n the generatrix ; drawing fn>m this point a line jH-rjamdicuIar to O O' 
until we meet with the horiztintal pmj«!«tion of the generatrix corrc.sponding to 3*3, we shall have 
th«* horizontal pr»»Jection of the desire«l )M)int. To g^t the vertical projections corrcsjsmdiog to 
»i and n, it will be sufficient to ilraw fmm these })oints, pi‘r|M‘ndiculnrs to the )»ajM.> lino until wo 
meet at m' and a with the limvi k ami 6'/, vertical projccllmw of tho generatrices, of which rtn 
and «n are the horizontal proj(‘ctions. As to the intenuodiatc {>oint Ixdwetm m and n, we shall 
draw from (his }s»int a line iM!r|S‘n<licular to A 1», an<l one |K*r{M'ndicaIar to X Y ; taking that 
p»rtion of the fonner which is compriwHl between A D and the circle «i6cd, we shall carry it on 
to the »!Cond shirting from XV; wu shall tlius have an intennexlinte jMiint noon the projtvtion 
»»' Wo may proci>ed in the same manner for tho other upright joints. Wo nave at tiro p the 
development of the {mnel of the inner arch cnrresiMmding to lliat portkm of the intmdos compriw'il 
l>etvr*H»n the joint m a and the lemling plane. The surfaces of the joints rut the cxtm<los In 
the dm*ctioii eif spirals having res|H<*livcly tl»e same and this conftideralum affinals tho 

titles of olitaining the development of the panel of the extmdos which corwspmds to (he jjanel 
^ V <r p of the intrad'M. In fact, the two be<l*joinU and the upright ioint which form the limits of 
the v<m.ssoir eorrespmding io m ns r, arc cut acc4»rding to two right lines starting fmin the points 
fa,m', anti «, a', whicli, being the generotricos of the tw(» be<l-J«ints, an? i»amllel b» tlic upright 
soction of the introdos and meet the axis O O’. These horizontal pn^Jcctions will then be dinictod 
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iMWnling to linea perpemliculiir U>00' ilrawn from tho poinU ni and n; and if we develop the 
extnuloK, the ftointM where the aurfuee ia met by the mid gcneratricoM will fall at M and N MttuaU«l 
u}K>n the itrolungation of tho right liiuta mfi and ny. <>n tho other hand, if A U i» the dovtdop* 
inent <if trie h^tuliiig arc of the oxtrodoa, supitOMMi to be obtained in the aanic manner act for tho 
intradoH, tho point projected at C' will fall at it, ami lint |^>iiit projected at B' will fall at S. Tho 
Miiralii of tiie oxtmdoH which paan through these two punU having the sumo s^iace hh thow^ of 
tliu iutrados which pass through the {Miints p and ir, will give, ou d<tvelopiiient, right linm which 
will nuvt together at tlio same points of the lino of a L, starting fn>m wliioh we etlicte<l the two 
developments : that is to say, tho spiral mrrespomling to tho |>r>int U will give the right line U a', 
which converges with pa to the same {s>iiit a; and tho sf>iral cr>rrtisp>nding b) the (sunt H will 
give the right lino S<r', which converges with «r<r' Ut tin? same i)oini ^'of the lino a I.. Tln-so 
right lin<‘S It o' and S y will dcic'nnirie tho points M and \ ; and wo shall have at M N S U tho 
develo]>ment of tho |)ancl of tho extrados corres{»onding to tlte |mnid ju r o' p of the intrad<«. 

Before f»ro(v«Mling to cut the voussoir, it is still m^essary hi cfFiH't its projection on tho plane 
of the right section. For this, draw from the points m and n |M<r|«endictilars to A D until they 
meet the circumference a6c«f at m, at«d a, ; then from the centre O, take tho nnlii w, M,. and 
a, N,; those will bo the projoctioas of the generatrices of Joints which pass along tho |v>ints 
«i', in', end a, n'. Wo havo alriwly the right lines B 4 and C c which concur at the point I, the 
proj«H*ti«>n of the voussi»ir under oonsidemtion will bo coinprisc^l between the right lim«s R 6 and 
M, To apply the draught u|sm stone, pr<*n«ru a prism having for its l»ase the currilinrair 
(|UiulriUteml II 6 m, M, and for its height the distance of the points r and h computed }MU^Uel to 
OO’. After having niarkwl ujion tlio two leases the |>oiiits 6, c, inj, n„ B, C, M„X„ join tho 
eom<s{Kmdtng points by right liiu% which will be the generatrices of the cylinders of the intrrulos 
ami the extrmlos, L’lsui the concave cylimlricnl surface apply the flexible |wutel nvcp in such a 
way that the iKiint v falls at <U***i^ nne of the Losl's. the fioiDt p at c iiimii the other base, the 
piint <r ufx^n the generatrix starting from h, and (he |>oint m upon the generatrix starting frrun m,. 
Apply u])on the convex cylindrical surftu-^e tho flexible^ imnel M N 8 K, in such a way that the 
poitit X falls nt X. n}ion one of the bae*>s, the |Hunt U at ( ' U{i>m the other Imsc, the point 8 upon 
the generatrix starting from B, and the jsunt M ujH?n tho generatrix starting from M,. By tho 
Inlp of thi^ two innels trace spirals answering b> the right liniw ^up, e s, ^ s, M 11, X 8, MX, 
and the ellipticHl arcs corrtM|smdmg to tho curve's p cr and H8. These two last arcs will deter* 
mine the plane of the heading face, and allow the face (o be cut. As for the spiral joints, they 
will be cut by nsing a rule {lOMMiug along ]x»iuts of refereim*! utiirkctl out pn'Viously u|Min the right 
lines p and M U, upon the right lines ft p ami X 8, and ti{>nn tlie right lines ft y ami M X. Those 
(Miints of rt'ference are obtaiiieil easily by dividing into the same numU'r of i<c|ual (larts tho right 
corresponding linos U]w>n which they have to be marked. In the same way all the voussinrs 
belonging to the lotnling arw* may be cut. 

8upiicwing tho art'll b> bo ontirulv constniotcxl of a.<«lilflr work, all the longitudinal voiissoirs 
might lie cut iu the same nmnner. 'riiey omld also be ol>tAint*d by a method exai'tly similar to 
tliat used in shaping tho stoniMi for the uoiix of a corkscrew staircase. But more gonerally the 
botlv of tho arch is constructed, ns has la‘OU sahi. of luatcTials of small dimomuou, for example, of 
bricks. Tlio stones which <van{»osc this coustmotion are then identical one with nnotluT, and to 
place them |m»|>erly. spread UjHin the framework, which is to licar the arch for a time, a layer of 
plaster forming a cylinder ix|UbI t«i the intratlus, u}>on this layer trace Uie spirals which fonn the 
ciigos of the inner arch ; tho distance from one ki another is that of (he thickm>SH of (he stones 
which arc b> bo nawl ; it only remains (<» place these latter in tho intervals Ijetween tho spirals, so 
that the face w hich is to form tho inner arch coincides with the layer of plaster, and tliey are 
then imittHl hy cetuoiit. 

Indo|H.'ndently of tho voussoirs belonging to the luad arches, the uppf>r course of (he imfiosts, 
and the triangular voussoire murkKl hv the lotb'r w in Fig. H5U, nanioil coussinets, are construct<xi 
of stone. These coussiuets must l>e llnnly ftxisl in nnler to resist tho thrust of the layers which 
have a tendi ricy to slip along the IxHl-joinis, coiisiderahly inciined towards tho springers. For 
this reason tho coussinets arc Bhn|*ed so as to fit in with the stones of the up]ier cnuix? of tho 
iiu|MJsts. These (vim^nots havo a concave*cylindricnl face on the intrados, a (vmvex*cylindrical 
face on the extratlng, a spiral face making |Mirt of a l»od*jnint, ami a spiral face forming an upright 
joint. They are sha|MHl like the heading voussoirs, by m«^ns of |ian<rU of di'volopiaent of the faces 
of tlic intrtulos and extrados : tho figures a 1" 1 and A 1" u’, Fig. 14C4, represent 1111*1*0 two <leveK)|i- 
ments fur tlio first coussinet on the left. 

The defect of the holicoidal arrangement lies in the tendency of certain courses to slip 
outwards : thus the course pnm'Ctoil at c' k I, Fig. 14<»4, lin.s u tendency to slip towards the 1 hm*k 
of the arch. To avoid this don*ct, tho hclicoidal arrange- 
ment rimy lie limited to tlmt jiortiou of tho an'h comprisc^l 
between tho loading plane and a neighbouring upright 
is.-ctinn. If, fnr example, A B and C It, Fig. 14fl7. n-pre- 
aent the horizontal tracing of tlie leading planes, and M X 
and U P those of two noigUbrmriug upright sections, tho 
helicoidAl arrangement mnv be «‘mplnyod only for the 
fNirtioiM ABN M and CD I'O of the arch, and the |xir- 
tion M X P O be arraiigoti as in an ordinary cylindrical 
arch. The courj*(?a which have a tendency to sit[»uut- 
wnrdB.at and at B.arc thus siippresseil, or nt least n*duci*<l to the loading voussoirs. More espe- 
cially in case the arch is iutendini to li© of gnat length will it be imcfiil tomlopt thlsnrraugouiout 

The helicoidal arrangement lias also lieen charginl with a Umdency in the courBt*s to bec«>mo 
tw isUvl when liie framework is taken away and larforo the mortar has Bcijiiinsl a pro|K-r consistency. 
To rernoly this, it has been proj«o»ed to replace the upright spiral joints by plane joints parallel 
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to the Icoding planes. But, on this supposition, it would be preferable to adopt the orthogonal 
armngoinetit. 

Tke Ortho>ri^\\ Arran iement. — A line meeting normally all the cunes of a Bories is called their 
orthogi>nal tmh‘otory. In the arrangement under consideration the upright joints are vertical 
planes pamllef to the leading planes ; these planes cut the intrados according to curves equal to 
the htuiing arcs, ellipses for instance; the 
edges of the sulhti arc the orthogonal tmjee* 
tones of these etiual curves, an<l the arrange- 
ment ought to called the arrungenieut hy 
ortiiogonal tiajectorics. 

The |»mjec|iona of those trajectories arc 
cnnBiniotctl in the followiug manner. Lot 
A C and D D. Fig. 14(M. l>e the spring lines 
of the arch ; we shall take the plane of the 
spring for the horizontal plane of pn)j(ction, 
and the leading plane A B for tlic vertical 
plane. 1\> make it more clear, wc shall hii|>- 

1 MNM> that, os is most frequently the case, tlio 
ceding curvt's arc cirtdes. I.et x x, v .V* rz, 
u M, \)C tlu) tracings of planes ^mrallel to the 
leading planes, and wliich deteniiine tiic ii}k 
right joints; let 0, T, 2', 3', 4', 5', be the 
centres of circles according to which the in- 
tf^rsertions of thesK) planes with the intmdr»s 
are projected. It w ill Iw nottrc<l at tlie ouUet 
that each of the required irajt'ehiries is piw 
jeetod uimn the vertical plane aeconling to a 
curve which is itself an orthogonal tmjeoU*ry 
of the circles whose centres are 0. 1’, 2 , 3', 4', 

5’. For if we consider by itsedf one of the 
requircil trajectorieN at the point where it 
meets one of the circles jt x, y y, and so on, its 
tangent is pt'rpcndiculnr to the tangent of 
this circle, which is |jomllcl to the vertical 
|>lane. Now, when a right angle has one of 
its sides parallel to one of the planes of pro- 
jection, we know that it U prr>jootcd u{Nm 
this plane at a right angle; the tangent of 
the trajfjctory in question then is proieetcil 
vertically according to the normal of the pmjectirm of the circle under consideration, and as wo 
can say the sainc of nil the analogous circh>a, it n*sults tluit tlie projection of the trajectory luwts 
all these circles normally, and that it is in conswiuence their orthogonal trajectory. 

This trajectory of the circles 0, 1 2', and »o on, may be de(ennine<l exactly by calculation. Any 
one of these circles lias for iU e<iuatioD 

(x-a)* + y*= R», [5] 

R designating the rndins and a the alisciscm of the circle, computed on X Y, starting from any part ; 
for example, fmin the {xtint A. It is demonstrable, by the difforenttal calculus, that to obtain the 
orthogonal trajectory of a series of curves, wo must state the equation 





= 0, [6] 

in which y* represents the angular coefficient of the tangent to one of the proposal eurvesi, and must 
eliminate from this pro|>ortion and the general equation of these curves, the variable parameter 

X d 

which belongs to each curve. From the equation [5] we obtain / = , consequently wo 

should have 1 — ^ ^ ® ^ proportion and the equation [5], and 

then integrating, wo obtain for the equation of the require*! trajectory 
, U - VR»-y* V 


r = log.' . 


R 


• + const. 


[73 


We sec that all the orthogonal trajectories of the circles 0, V, 2', 3', and so on, are equal curves, and 
that having ol>tained one of them, wo shall get all the othew by causing the first to revolve parallel 
to the axis X Y. If, for example, we supjxMe the arbitrary constant = O, we shall find for x and y 
the corresponding values stat^ in tlie lollowing Table 

y ff 1469. 

Vtlan of i V.ltiM of ^ 

a K 

-0C49 /I 

-0-918 
— 1-310 
-1-993 


1 

0-4 

0000 

0-9 

0 3 

-0 031 

0-H 

0-2 

—0-092 

0-7 

0-1 

-0-183 

0-6 

0-0 

-0-298 

0-5 


-0-400 


These values correspond with a curve of the form indicated in Fig. 1409. If the sections parallel 
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to tho leading pianos wore ellipses hfiTin^ for scmi>Axes a and ft, wo shouM likewise And for tbo 
equation of tbo ortho^nal trajectory of tlicir projections upon the vortical plane 

* = + _ J + const. 

Instead of havinp^ recourse to calculation, we may constniot the onrve approximately hy the pro- 
perly which serves for its definition. F<»r cxa?uple, let M', Fix. 14<W, l»© the tlrst point frf»m which 
we wi«li in dmw an orthogonal trajectory of the eirch's 0, 1', 2', 3', and so oti. If from the {KHiit 
&1' we draw a ri^ht lino in the direction of the {>oint 0, until it lucH-ts the circle T ; from the jjrjint 
of meeting, a right line in tho direction of 1', until it miHds the circle 2’ ; from the new iioint of 
meeting, n right lino in tho direction of 2', until it iio'ets tlie circle 3' : ami an on ; we shnll obtain 
a bmken liuo 31' d, which will difi'er less and less from tho desired curve, in projiortion as thu 
sections x r,y y, t r, and so on, arc nearer one to another. But it will ho a little lower in position 
than this curve. l>ecanHe its successive sides are normal only to the circle which {mukh'S round their 
upjKT extremities. If on the contrary we join M' to the point 1', arresting the line of junction at 
the circle T, and from tbo |K)int of meeting draw a right lino in the direction of tho point 2', until 
it meets the circle 2', and so on, we shall have a second broken line M' Ib which will ab»o differ 
very little from the desired trajectory, but which will Iw a little higher in position, because iU 
sidi^ are normal only to the curve which passes round their lower extremities. If. then, we form a 
broken line 31' N', by joining the middle |ioints of the arcs of the circles iutercoptml hy the two 
lines 31'^ and 31' a, tho lino thus traced will differ still less than the two preceding from the curve 
wc wish to obtain. 

Tho projt^tion 31' N' of the trajectory, which is to serve as the edge of tho inner arch, being 
obtained by one of the obove metljotis, we can easily dotluce thorofroni iU horizontal pn>jection ; 

do this, from tho |Htints at which M' \' meets the circles 0, 1', 2', 3', 4’, 5', we let fall perpeu- 
diculnrs W the base Hne^ terminnUnl at the right lines A B, x x, y y, s s, a w, C B, horizontal 
projt'ctions of these circles: and joining by a continnous curve tho pftints thus determiuod, wo 
shall have the projection 31 \ of the trajectory upon tho Imrizontal plane. 

We take for the l)od-jriint corrt?sponding with cfich edge of the inner arch the left surface forme<l 
by the normals to the intrados drawn fmm tho different parts of tltis lino. To obtain the normal 
to the intHulos at any {loint of tho trajectory 31 N. 31' \',—at the jjoint P, P, for exnin]d<!^ — it will 
be observed that this normal is i)erpeudicular to the tangent of the circle x x ; and ns the lathir is 
pf*rj)ondic!ilftr to tho verti<*nl }ilane, tho normal, for tho reason alremly given, will lio prt>jectc«l 
vertically according to a perj>eudicular to the tangent at P of the circle 1' ; that is, nccfuding to 
the normal P Q' to this circle. Besides, the normal to tho intrados being includetl in the plane 
of the upright section, it will be pivijccte<l horizontally upon the horizontal tracing of this section, 
that is b> say, perpendicularly to tho axis of tho arch, or acconling to P Q pen^ouiltctilar to A O. 
3Ve proceed in tho samo way for all the other normals; the bctl-joint is then determiuod by its 
rectilinear generatrices. 

It is ncct'ssnry to determine its intersection with tho oxtradoe. I^t D H E be the upright 
aection of tlm intrados, and FG tlmt of the extrad«is, brought down ujion the horizontal plane. 
To get tho pfjint of junction of the nnrnuil P Q, P' Q', with tho extnwlos, wo Hrst draw from tho 
point P a pamllel to the axis of the arch, until it mwts at p witli the section K II I) : then, rTUt 
having determined the, lutrizfmtal tracing I of tho normal, wc project it at i uj>on L> E ; next joining 
ipy we shall have tho projection of the normal upon the plane of tho right section; prolonging 
this until it meets at q the curve of tho extradfw F G ; draw from the point q a |K*ri)ondiciilar to 
D E, which will determine the point Q : then a perpendicular to X Y. which will dotermiuc tho 
point Q'. ProcMsiing in the same manner for t)»o other normals, we shall obtain tho projictinns 
of the intersections of tho bed-joint in relation to the surface of tlio extrados ; and tbo same for 
the other boibjoinU. 

Develop, by the ordinary methods, the surface of the intrados and tlie Burface of the oxtmdfw 
with the curves there tmcc«j ; and we siiall have the developmi-iiUof the |»nels of the inner arch, 
and tbo correa}>onding panels of the extrados. 

Hupposing the arch entirely constructed of ouldar work, each vous!«olr wotiM l«e slmped by a 
method analogous to that expluineil in treating of tho helicttidal arrangement. The four uonnals 
which fonn the angles of the voussoir having been project***! upm the plane of the right section, 
we havo tho projwtion of tho voussoir ujmui this plane, t-jsm this projection is construct<sl nii 
upright prism, having for height the distance of the two plane joints ; for example, tho distance of 
tho right lines x x an«l y y. Upon tl»o concave face of the eylimlor we apjdy ti»e pamd of tho 
inner arch, and upon tho convex face the corresponding panel of the extra<bis ; the two left joints 
will be sltaped by aid of a rule extended along gui«ling |)oints mnrke*! out beforehand u]»on each 
edge of the inner arch, and upon tl»c curved edge which correspouiU to tlie extrailoa. But more 
generally, the bo«lyof tho arch being cvmstructed of rough sUmes, or of bricks, a layer of plaster ia 
prepared coinciding with the intrados ; uiK»n this layer is traced, hy tho ai<l of the development of 
the intm*lns, the orthogonal trajectories, between which it only reiimina to armngc the stones 
intendofl to form the arch. There will here be a little di/Hculty additional to that met with in tho 
helicoidal arrangement ; the trajectories, although equal one to the other, are not equidistant, and 
it is ncecaaary in conswimnco t*i var>' the thiekuci!« of tho stone employed, according to tho 
distance of the two curves between which it has to be placerl. As to the heading vonssnirs, tlu*y 
fonn a sort of arrh iDde{K*ndent of the princi{>al arch; it residte, in fact, fnuu the defectivo 

K rallelism of the edges of the inner arch that the l*ed-joiuts could not be pmlongwi as far os tho 
tding planes wiiltnut causing in tlie size of the lulling voussoirs imsiualities which would bo 
displeasing to tlie eye; thes*’ vonsaoirs arc then shaped independently, making the be*l-joints 
normal to the kwding planes. The shaping of these voussoirs theu presents no dilhcultyi the 


Digitized by Google 



734 


BEIDGE. 


piano faoos bcinfc exocntodf the cylimlriral »urfaoca aro aftcrwarda ttliaped by means of a rule 
plao<‘(l along guiding ixunts rhcjson beforehand. 

An important aimplifimtion ha« U*on profioHoil in tlie oonatructinn of the arch omler c«miiiilera- 
tioii, whieh eonsinto in rt plaeing the left bed'joiuts by the cvlindrioal surfaces projevtiMl by tlm 
trajectories u]ion the loading {danes, surfaces which in fai-t ditTer very little from the former, and 
whioli l>csides )m>uk>a 8 (he ailvniitago of furnishing only reactions situated in pianos jiarallel to the 
hsading jilanes, and in consequence not affording any oom|Misant pcr{K>mlicular to these planes ; 
that is to say, not giving rise to a tlinist hy increasing the opening. When the arch is to be of 
great length, wo can, as shoan in Fig. 1407, arrange the|M)rtion of the arch comprise*! between t!«o 
upright st^’tiona M N and O J’ as an ordinary cylindrienl areli, and only employ the ortlw»gniml 
arrangement for the ]M)rtions A 11 N M and C D T O. Hut in place of nsing joints nmuing 
parallel to the bemls, we employ vertical plam>s which oonverg**, some towards the jKiint «»f 
lunction, the right lines A B and *M N. and others townnls that of the right lines C D and O I*. 
The e*iges of the inner arch are the orthogt'nnl trajivtories of th<* vertical sections of the intra<loM 
thus obtained ; their tracing is necessarily more oomplicatcd. This system is that which is called 
the convergent orthogonal arrangement. Its advantngt-s do not ujj|H-ar to make up for the difficulty 
of iU executujD and the ungraceful api^f-amnce of the arch. 

Pamlkl Arches m AVM/wh. — J^ tly, obliauc hridgets are fomn<*l of a ricrioa of upright arches, 
CMiual and |«utilbd, hut plac<>*l ono Whind anotner in ochellon, as is shown in Fig. 1470. in horizontal 
prmection. These arches are ordinary upright cylindrical arches, but of unimportant length, A B, 
A B, and so on, whose centr*’** < >, O. autl so on, ar<‘ pinch'd on the axis of tlie oblique arch. They arc 
mutually uniU'd by other cylindrical arcljcs M N, M N, whose voussoirs are emnayed U> a greater 
or leas extent in the thickness of the princi|>al arches. The system is inelegant in api>earaucti. 




Ohtique Prifljes of TVrsVr.— ‘Oblique bridges are also constructed of woo<l, but they are all 
formed on the principle of the upright arches in eehellon: that ia, they are enmf»n«e<l of a certain 
number of equ^ and jamilel giniers place*! in **chellon t*»one nncHln r, in sneh a manner that their 
hnm*>log*iU8 points are situated uprm right lines laralhd to the axis of the bridge, or the direction of 
tl»e piers. Fig. 1471 ifprew^iils the vertical prtjjection of a semi-arch of such an arrangement, 
which is frequently nsod for the erection of a more peimanont structure. Each girder is c*»iii|>osrsl 
of a horizontal Is^am a a, sup{i*)rt<d by an upright pt'st pp, by a principal rafter Jj, and a strut/. 
Tluse *lifferent jmrts arc uniUd by ba'nging-braccs w*, m. i’|ton thc9M> giniers arc ploc*d the joi.nts 
which siip{K>rt the nswlway *6 of the bridge. In the example given in Fig. 1471, the number 
of girders is four. The princi(>al <lifficulty of this mrsle of omstruction wuisists in the methoit to 
Ik* a*lopto*l to biml together the different girden*, In onler to form the whole into a i)erfoctly solid 
system. The methocl most in us*; is tliat of uniting all tho girders by horizontal bmc<'s M M, 
which are then pamllel to tlip direction of the piers. But as the rafters pass through tlie braces 
in an oblique direction, it is n«‘c«»sHHry to deb'miine by a draught tho apertures to l*o excavat***! in 
tin’s*’ brac<*H. Is’t A B and A' B' bo. Fig. 1472 and 1473, the projoctionsof one of these rafters, in 
relation to a horizontal plane jiaMsing through its lowest point (). It is nec*'s«»i^' (o first fix the 
tmiuiver^ dimenHions «f the braces, bv projf*cting the rafter u|>on a rerti*^! plane j*crj>cndicular 
to tho direction of the piera. I.s’t (? O'be this direction, ami let O' X |K*rpimdieulnr to (' O' be tho 
near gmuml line. Ujon the horizontal iirojcction of the edge which starts frtmi the jioint C, tnko 
any |joint I, which projects at K uis>n O X and at K' ujj*»n O' X‘. Pndong tho jicrjiendicnlars, and 
take upon the sexvind a length K' 11' ikiuaI to tlm distanr*,* K II, and join O' II', which will be tho 
luwr vortical pmjection of the edge which touches the jioint C. The projoctionsof the *)ther *«lges 
will 1 k> *^ily ohtaine*! fitmi this, in the manner indicate*! wi tlie figure. Having thus obtained. 
Fig. 1474, the vertical projectutns of the rafters uj«ou a vcrth*nl plane |»cr|K‘udiculnr to the 
diri*cti*m of the brac**«, we can dctcnniiio the upright sections M 51 of these braces, Mark the 
|Miinls I, 2, 3, 4, and 1', 2', 3’, 4’, where their faees, |H‘rjSfndicular to the new vertical plane, im-et 
th*! edges of the mft**r; and projcfet these [sdnte, Fig. 1473, iqwn the corresjionding horizontal 
pnqeclions of these edges. We con Uius trace the pamlhdogramH 1 2 4 3, and I' 2' 4' S' a*‘coniiDg 
to wliich the raf^’r isim-tratcs the lab-m! faces of the braces. Taking, then, in one of these faces a 
|ir)inl 0 fpirn which we supii*»M' a ImrizontHl (lamih l to the direction of the pi*)rs. let us imagine 
the braces t*i revolve round this horizoutal, until the lateral fa*’*’s *if w hich we have just sjioken 
have i^umeil a h<iriz*«ntnl |s»Biti*tn. ami in this {NXiition their <iifl«*rcnl iKiinta to Ik* pn>juct«!*i upon 
the original honzfintnl plane of prnjccti«*n. Then, from the summits of the jsimllelograms 1, 2, 3, 4, 
and r, 2', 3', 4', let fall |ier|KjDdicuiars uj«n the direclion of the edges of the braces. 51arking, 
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Fip. 1475, the interewtiona of thow perpeiullriilftrn with the porpcndicalara to ox which anawor to 
the Muno wc almli nbtftin tho upper and lower tracings of the ajiertiirea we winh to det<*niutu\ 

such aa will have to be drawn on the facea of the hracea when executing theac nfterturea. Only, it 
murit bo oljtH'rvod. tlmt aa a couiwxjuence of tho rotatory movement iin)>Hrt('«i to Uie hniceti, it U 
the upj»cr one wliieh U placed to the right in Fig. 1475, and the lower one which is placed to the 
left. We may proctHal in the anme manuor for tho other a|K!rturt‘a, hut it will bo noticed that 
they have their faces parallel, aiul this will much ahorten the operation. 


1472. 1474. 



In place of uniting the rafters one to anotlier. the hanging-breceti arc aometimes ooDnecto<! by 
horizontal onoa. This arrangement would give rise to operations aualogous to tho preceding. 
C>ccasionally a direction diflfering from the horizontal has been given to the braces uniting the 
diffcK-nt la<ams. 

Tintfirr Jiridije Cotutruriion . — The rowlwayof thc*o temporary structures rests upon several girders, 
generally equidistant. Tlic interval between two eons4*cutive points of aupjiort is called a space. 

The arrangement of the girders varies cousiderobly ; we sliall only deal with the systems 
mostlv use<!. 

Where the interval between two oonsecutive points of snpj)ort does not exceed 5 metres, tho 
girders an^ simplv horizontal beams laid ui>on these sup|K>rts. ami it is on these Iswras that arc 
placed transversely tho cross-beams which sustain the railway and the pavement. If the interval 
IS to be from 5 h» 8 metres, supplementary beams A A, Fig. 147b, projecting 2 metres on each side 
and sup{)ortcd by struts / /, are laid u|k>u the pih‘S. Fig. 147G also shows the heads m m of the 
horizontal braces uniting the stakes which form tlie pile, and the head M of the horizontal piece 
of timber forming tho cap of the pile. 

l«tt. 




In the COSO of intervals of 8 to 12 roidrra, a second row of stmts /*/*, Fig. 1477, is addcti, abutting 
upon another suppleinentar)’ boaro 14, placed in tlio middle of tnc interval. If these secondary 
struts have a length cxcee«ling twelve times their breadth, they arc snpjwrtid by hangiug-braces 
o «, which arc ihcmscdvea unit^ from one girder to another by horizontal braces m’ m\ 
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For RTCfiter interr&ls Kr<>ral Btftp>a of strata or rafters united one to another bj vertical 
hanpnp.brarf 4 insy be employed. When the interval is nf considerable len^h, beams bound 
with iron are employed. The britl?«' at Wittinsren, over the Liinmot, fnnnin^’ a sin;;lo span of 
118"*‘90. is ciUd as the most remarkahlo instance of this kind of construction ; it is com{io9ed of 
soveral stages of ormed beams, untbsl by vertical hanging-braces, and sup|)ort(Ml by several 
Bystcni.s of struts or rafters of different inclinations, t)io loacst of which is an arnnsl bt'nm. 

In the several oases just indicatcl, tlio dimensions of a beam arc oalculnlcd as if it wero 
simply placed npon »up|>orta. The total a*eight for one interval of the rnailway and pavement is 
calcufabd, and dividing by the numl>er of IxiamH, wo liave the weight uniforudy diffutWHl over tho 
length of a beam. If the bridge is exposed to eonaiderahle and varying hwwls, these must bo taken 
into oonsideration : such are, u|>on an onlinary load, the i»ai«nge of a vehicle reprewnting a weight 
of GOOO kilos.; or u|sm a railway, the passage of a locomotive weighing fi0,(K)0 kilos., which gives 
,HO,000 kilos, for each l>oam. as one is onlinartly placed under r^acli rail. Let a l>e the len^h of 
the span, p the weight a linear metre, P the weight accidentally applied at the middle of the 
span, wo must rocoucUo the two equations 

R = jiCp+p')"’ = + [1] 


and 


“ = f(i '’‘■'■^7 *’“) = + 7^“)’ 


[ 2 ] 


calling 6 tho horixontal dimension of the npright section of the l)oam, and A its vertical dimension. 
'VVe will take It otpial at most to 600,000 for oak, or 800,000 for deal, say, GO kilogremraes the 
square centimetre in tho first case, and 80 kilogrammos in the second ; find the proportion of 
A to A, and deduct A from these two formulfe; the greaU'r of the two values then ohtaine<l must 
be adopted. We can then estimate the weight of tlio beam to introduce it into p, and calculate a 
nearer value for A. 

When the same l>eam forms several spans, or even the total length nf a bridge, it ts considend 
os a pioeo of timl:*er placed upon sup|iorts, corresponding to the piers of the abutnicnts. We thus 
determine tlie moment of fiexkm eoire8])onding to each jfoini of sup]>ort, and next the moment of 
flexion on any given point of tho beam, the maximum of this motuent, and by consc(|uenee tho 
transverse dimeiiHions of the beiim. For the same calculations we de<ltiee the reactions nf 
the sup]K)rts, and on the other hand tho load sustaincsl by these sup{>orts, whence we obtain the 
dimensions of the pUca. 

Tho dimensions of the divisions of the bridge must bo calculated in the same way as for a por- 
tion of timber plaecsl upon a ct rlain number nf supimrts, which are hen* the Ixams. lnade<l with a 
weight uniformly diffuscvl, and also with a weight applie<i at the middle of tho interval 1>etwe«>Q 
two l>esms, repremmtiug the movable load oauMtl by tiie pasKige of a vehicle. Put a.s this calcu- 
lation is a very long one, a more rapid, but less exact metlind is preferred. The dimensions of tho 
portion nf the bridge are calculated : 1st, as if the part of this jmrtinn comprised bedween two 
beams formed an Isolated |s>rtion placed on two supiwrts; 2nd. as if it were let into tho two points 
of support. In the first case the maximum nf tiie luoment of flexion is given by the fonnula 

P =~po*-4- — Pa; calling a the distance between two beams, p the weight uniformly spread 
over each portion of the bridge, and P tho movable load ; in tho second case we should have 

Tlie mean of the values of p given by these two formulae is adopted. When the bridffo has to 
supuift oernsionally only the weight of a wagon nut exceeding lOtK) kilogrammes, the divisions of 
the bridge maybe O'" ••W distant from one another; if the tuviuental load will be go'nter, they must 
bo placed nearer together. Put it is well to observe that when only a momentary load is in question, 
wood can be mado to sup{Kirt a greater tension than tlmt which we have indicated above, and 
that it is allowable to increase it then to 100 or 120 kilogrammes the scpiaro eentimetro. 

To calculate tho dimensions of tlie struts, sup}Micic each Ixwm plaetsl u|)on the supports which 
are formed by the extremities of the piles and the struts, and deh'rmincthc reactions of these points 
of support; for struts nimlogous to that which abuts on the iKtint A, Fig 1477. wo take tJio 
resultant of the reaetiem lengthwise to this piece of timber. It will ls> necessary tliat this resultant, 
divided by a transverse section of the strut. shnnM give a qunticmt ecjual at most to 60 or 80 kilo- 
grammes the sr|uarv centimetre, according to the kind of W’ood 4>m)>Ioye<l ; for struts such as those 
abutting on the point B, we should distribute the rt'action in the direction of the strut, and in a 
horizontal direction : and make use of these two resultants, to determine in the same way tho 
transverse dimensions of the strut and the underlying Ix^m. 

For bridges of great extent, there has l>een employtd in France for fifty years, a system in 
which the bt-ams and tho roadway are siistainetl by an arch formed of a certain number of cun'eil 
rafters, bound toother by iron stmiw. and united to the roadway by hanging-hrnoes in a direetinu 
normal to the aren. Fig. 1478 repri'sont* one division of the bridge of I vry •sur•8<^inc construrt4-<l 
on this plan by M Kmmery. The arch has a chord of 22* 'SO, ami a ver>»<‘d sine of 3* •48. Tim 
rood wav nwts directlv on the crown of the juch, and the Ix-ams are hollowwl out to aeconl with this 
an*h. The weight of the romlway is also transfernHl to the arch by means of braces. The ginlers 
arc fastened one to another, not only by horizontal braces parallel to the axis of tho bridge, but 
also by horizontal slanting ixams which assist in counteracting the effects of the wind on the 
whole sysb’m. 

To calculate the transverse dimensions of tho arch exactly, it would be necessary to w>nsider 
the romlway as placed upon the hanging-braces, to determine the reactions rd* these eupiwrU, to 
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take thew in a rontrary to got tho rraotiona of the braees npon the arch, and determine the 
normal eomnonent of thoHo: wc ahonUl thiu have the forces which act U)Km the arch, inde- 
|>ondctiUv or its weight. Ihit wc can obtain sufttciontijr approximative rcoulte by considering 
the weight of the rotulway os imifnrmly sprt^i over the horizontal projection of tho arch. In the 

rase we are dealing with, the formula & A* = g ^ “ generally used, in which b is tho 

transverse dimension of the arcli in a liorizontal direction. A its thickness vertically, P the total 
weight of the bridge, p tho mean radius of the arch, o tho length of the arc with a rmlius 1 
similar to tho arch under cousideration, aud li a coofllcieut which it is convenient tu take as 
c<[|ua 1 to IK)0,000. 

IITS. 



Constructors employ a still more simple metljojl, which gives results siifflcicntly near. It 
consiNts in regnnling the proj»nae<l ar»‘h as the arc of a paral*ola, Inadwl with weights profortional 
to the horizontal projection of its elements. l^*t O M, Fig. 14711, be a portion of the arch entn- 
putc«l from the vertt*x, I.t't us lake for tho axis of x the Ungent to the verb'X, for ll»e axis of y 
the axis of the curve. Draw the tangent to M, and by a known projM.Tty of the paraUdn this 
tangent will cut O X in the middle I of the abscissa O K of the point HI. Isd M' be a jKiinl 
infinitely near to the point M : draw the horizontal M H and the vertical M' H. The arch O M is 
in eonilibrium. under the action of the weight P (borne by the arc and which passes through the 
midnie 1 of O X), of the tension Q exercis^ at O in the direction O X, and the tension T which 
is exercised at M in the direction M I. These three forces are then proportional to the three sides 
of the triangle 31 1 N, or of the triangle 31 M' H, which is similar to it. Wc have then 
31' H _ P rfy _ px 

ITh ~ q"' q"’ 

diwignatlng by P tho weight a linear metre supported by tho arch. Integrating, and observing 


that for X = 0 we should have y = 0, wo obtain for tho equation of tho curve y = This 

equation must be completed by the coordinates of the spring ; if tho a is (he scmichord of 

*1... .n.l / •«. .in/i wn l.« .... C _ Ci — P ^ ^0 gbull ROXt 


the arch and / its versed sine, wc should Ixave / = a*, whence Q = . 


lmT0T = Vl» + Q« = ^:r' + ’^ = py/ ^ + 


The maximum of T answers to 


/ a* 

X = a, and has for its value T = p a v 1 + . 

the transverse dimensions of the arc. 


This maximum value will serve to determine 


The arch being supposed to resist only by compression, it will be necesoiiy that the maximum 
tension T divided by the area of the transverse section shouM give a quotient at most equal to 
60 kilogrammes the 8t|uare centimetre for oi^, nr 80 kilogrammes for deal. Calling A the hm* 

T 

zontal dimensiem and A tho vertical dimension, we shall havo-^? = O'O. If wc take tiie milli- 


metro for unity, we shall obtain 6, and deduce A = ^ . 

For some years there have been constnictc<l in America timlicr bridges on on entirely different 
system. They wore invento<l to enable railways to {miM across considerable streams of wator, as 
we have before ntated and illustrated. They are calle*! trellis-liridges. because they liavc exactly 
the npwarance of trellis>work. Fig. 1480 repn^nU a portion of a bridge of this kind coii-Hlnirteil 
at Richmond. UA, on the system of Town. The girders, which are 5*"’123 in height, ore formed 
of thick planks arrangeil trelliswisc, appliid fiat without being let into each other, and joined by 
oak pegs. They are united by several courses of braces, horizontal as regards the length of the 
bridge, and by a certain number of vertical braces. Two equal guides are fastened together on 
each side of the bridge. These two ginlers leave between them an interval of 3* *20. They are 
joined above and below by cross-beams, the intervals between which are filled by diagonal work. 
Other diagonals, placed vertically acconling to the transverse sections, complete the protection of 
this svstem against tho wind. The extciior sides arc covered with planks to secure the construction 
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ftjr ftinu t the effocta of the weather, os is ahovni on the right aide of the fig^ore. This forms a long 
spaco of rectangular section. 

To appreciate the resistance of such a construe- 

tion, wo may consider taich girder as a solid placed , 
upon two supports, loaded with a weight uniformly I 
diffused, ana with a load cqnal to the weight of two 
locorootiTca applied in the middle of the sjian. But 
as tho openings hero form about two-thirds of the 
total volume, it is advisable to re<luce to one-third 
the coefficient U of tho resistance, that is, to 20 kilos, 
a square centimetre for oak, or 27 kilos, for deal. 

Designating by R’ the eocflScicnt thus reduced, by 
p the weight of the bridge the linear metre, by P 
tho mad applied in the middle of the span, by a the 
length of tno span, by 6 tho total thickness of all 
the traces in a horizontal direction, and by h the 
height of each girder, we shall liave to apply tho 

formula already used, B' =: ^ + 

W. ProBse, in his course of “ Applied Mechanics,” has 
endeavoured to estimate in a more precise manner the 
shock supported by «icb of the pieces composing thei^e 
gilders or beams of trcllis-work. lie considers fii>t 
the simplest case to which the system would be re- 
duced, as shown in Fig. H81, to two courses of in- 
clined rails, A B C D . . . . A' B' C* D' . . . . jointed | 
with inelin^ tics A A', B B', C C', D D' . . . . on the 

one hand, and A’ B, B' C, C* D, on tho other : and A' r r* rv 

he supposes, in tlio first place, that tho Wm thus t,/\ /\ /\ Vk 

defined supi>orts only a single weight 2 P applied ‘‘ y \ / \ / \ / \ 

in the centre. It follows at once that the beam !/ \/ \/ \/ 

receives from tho abutment on the pier upon which a * c y 

it rests a vertical reaction P applied at its ex- 
tremity A. Let a be the acute angle which tho inclined rails make with tho vertical. There 
must then be ec^uilihrlum between the force P applied at A and the tensions or pressures of tho 
tics A B and A A* ; it is then easily seen, by the pamllclogram of forces. Fig. IsJw, that tho mil 
A A' tuidergocs a pressure equal to P tan. a ; and that tho rail A A* undergoes a pressure equal to 

p 

If we next consider the equilibrium of the point A', we find by the same means that tho 

forces exercised in the direction A* B and in the direction of the prolongation of A A' must be 

p 

equal : and that tho tension of A'B’ has for its value 2 sin. a, or 2 P tan. a. The cqni- 

^ coa. a 

librium of the point B showi^ on projecting tho forces vertically, that the prewnres of A' B and 
B B' are equal ,* and on projecting them horizontally, that tho tension of B C is equal to P tan. a + 

p 

2 sin. a, that is, to 3 P tan. a. Adopting the same method with the point B', we find that 

cos. a 

tho pressure of B' C is equal to that of B B', and that the tension of B' C' has for its expression 
P 

2 P tan. a + 2 sin. a, that is, 4 P tan. a. Continuing thus, wo find that all the ties support 

p 

pressures equal to ; that the lower horizontal tics support Buccessivc tensions expressed by 

P tan. B, 3 P tan. a, 5 P tan. a. 7 P tan. a, and so on ; and the upi>cr horizontal ties, tensions 
expressed by 2 P tan. a, 4 P tan. a, C P tan. a, 8 P tan. a, and so to the middle of the span. 
Rtarting frtjm this point, the same tensions are reprodncwl in inverse ratio because of the sym- 
metry of the arrangement. If the number of the loa'cr horizontal ties is equal, it is the middle tie 
which will undergo tho greatest tension, and, calling 2 n -f 1, the total number of these lines, the 
maximum tension will be expressed by (2 n 4* 1) P ^n. a. If the number of the lower horizontal 
ties is o(]nal, the upper bonzontal tie occupying the centre will nmlergo tho greatest tension, and 
if 2 a is the miml>er of the lower ties, this maximum tension will be expres^ b^ 2 n P tan. a. 

In tho second place, the case in which the trellts-wnrk beam would be loaded with a weight 2 p 
at each of the intermediate joints. B, G, D, and so on, of the lower course of braces. If n is the 
number of these intermediate joints, np repn'sents the vortical reaction which is exercised at the 
point A. Considering, step by step, tho equilibrium of the upper and lower points of junction, we 
arrive at tho foUoaing conclusions : — ^ 

1st. Tho sides parallel to A A' undergo pressure*, having snccessivcly for their value ♦ 

(„_2)p (n-i)p (n~G)p ^ * 

— — i-f - and 8t> on. 

cos. a cos. a crs4. a 

2nd. Two inclined ties abutting at the same point, are, the one, comproascil, the other extendc<1, 
by tho same Intousity. 

3rd. The pressures of tho upper ties are represented by the values, 2np tan. a, 4 (a — 1) p tofl*. a, 
6 (n — 2) f» tan. b, 8 (n — 3) p tan. a, and so on. 

4th. The tensions of the lower horizontal ties are expressed by np tnn. e, [n + 2(« - I)]ptan. a, 
[n + 4 (a — 2)] p tnn. a. [h + R (n — 3)] p tnn. «, nod so on. 
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Oftllinf? i tho position of a horizontal tio in raoh of these sorios, we have for the proi*nro of 
an upper tie, \) p Ian, a, and for the tentdon of a lower tie, 

[a + 2 (• — 1) (a — I 1)^ p tali. a. 

The msiimum of the Bret ciprc«rion answers to • = and that nf the second to 

• " + 2 ■, u 

• - — j— : >• these terms are not mtogers, the maximum will not be producwl exactly, but 
approximately, although a may be a largo number, as is ordinarily the case. We find the value 
of the maximum to be — p tan. a (a + 1)’ in tho first case, and i p tan. a [(a -f I)* — 1] in the 
second. So that, calling N the number of times that A B is contained in the length of the span, 
tho maximum of pressure or tension of the horizontal ties is expressed by p N* tan. a. 

There have been constructed in Bavaria timber bridges dilfering from the American srslcm 
only in that tho joints of all the pieces of woodwork are united by cast-iron sockets, and tho girders 
cnt<^r the abiitmentM, hnllownd out for thin pnrpoise. 

In Americft there hjie n\m heen applied another srstem founded on tho use of curved arohea 
fitich is the briilKe at Trenton over tho l)elaware, partially reprraentwl in Fiff. 1482. Tho Riith rs 
are five in number: in each, the principal part U an arc of a cirrle formed of eijfht plankn supor- 
Jjoaed ; it resU at its extremities upon the piers, and supports the roadway bv meana of aunpondinj: 
iron bam. The arch ia, bpaidea, unitwl to the roadway by pendant ties inclined at an anple of 45" 
All the woodwork is covered by a roof, and ahelterwl laterally br planks. The archc# of two suc- 
ccaaivft spans abut against each other by means of woalwork mined upon the pier and ele^-ated to 
lwD>thirda of tho height of the arches. 

lAHtly, there has been constructed at Liep. York county, a bridge of the mme kind, but in 
which the roadway, in place of forming the chord of an arc, is placed at mid-height between tho 
chord or the vertex; so that the madway is smi|>cnd(xl underneath the upper porti«m of the arch 
whilst it rests upon its lower portion. This system, in which the bridge forms a girder ODpeara 
to offer more resistance. ' 



Stone firuiffes . — After the water-way has been fixed, wo have to detennino the dimension and 
the form of the arcbca. 

There ia a very simple relati<m Ijctween the span of a segmental arclu its height or verawl 
sine, and the ratlins of tho circle to which the arc belongs. If 2 c repreaenla tho 8{ian, or the chord 
A B, Fig. 1483, of the arc, / tho veraetl aine H C, and R the radius O A. the semichorrl A C being 
a mean proportional betwoon tho two sog^nenU of the diameter to which it ia pcrpcmdiculor, we 
have . . - 

c>=/(2R-/), whence R:=ll^. [I] 

If we wish to have the semi-arc A H in degrees, or the angle of the centre A O H, wc ohaorvo 

that it has for its aino the proportion or ^ ; designating the angle by a, we have tlien 
A U R 


Bin. a 


2/c 



c 


c*+/*‘ 




[ 2 ] 


It ia not usual to give to tho proportion ^ a lower value than which auppORoa a height equal 

to J nf the span, and gives sin. a s 28^ 4' 20", or thorcabouta. However, in exceptional easoa, 

this projxirtion has sometimes boon reduced to — or — ■ 

5 6 


The bridge of Solferino ia an example of the form adopted in the early construction of iron 
bri<lgca. Tho arches. Fig. 1484, have a span of 40 metres, and a lieig^it eff 4* '02. They 
are fonne<l of cagt-imn vonsaoint, of open work in the Icwling arches and solid in the iutenucdiate. 
The fignm, 1485. represents tho elevation and the trans\'cr»e section of the first vouasoir of an 
intermediate arch. It will l>e seen that the section represents a double T, with a eontral rib. The 
pediment, that is to say, the space comprised between the arch and the roadway, is tilled up by 
o|>en-work plates of a trapezoidal form. Fig. 1486 represents one of these plates. 
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Tljo pmlrT* ftK* anitod one to another by three »>'stem8 of rmaa-joinU. pinecd, some above the 
rjl« of the intnulott, others ImOow it, and others u|ion the riba which form the crown of the jH^limcnt. 
TI»*i« 5 latter civiws-joints, at a distance of 1™'30. nlao serve to suNtnin arches of brick amt Ib*man 
cement, upon which the roailway and the aide-walks ore crcctc«l. In this system of arches formed of 



voniwoirR, the casting is only snbiect to compression ; the only portions exposed to extension are 
the cross-joints, but as they are lew in number they may be executcii in wnuight iron. The pres- 
Bures which the voussnirs are subject can be calculate*! as for stone arches. But the inocpialities 
of the loa<l are of much greater iiufiortance here than in stone bridges. Supposing that one half of 
the sf*an Istirs the innximum load of 400 kilns, a »nuare metre, whilst the other only suppr>rt» its 
own weight, we can dct<*rmiup on this hyj)otheaU the direction and intensity of the thrust on tho 
key. Ivct P and I*', Fig. 14H7, He the weights supp«>rtt'«l bv the two halves, H the point of applica- 
tion of the reaction N of tho two halves of the arch, and 11 C tho oblique direction of this rc'action. 
We let fall fmra tho springs A and A', u|>on this direction, the perpendiculars A C anti A' C', and 
erect tho verticals A 6 and A' B*. Let p and p' bo tho distances of the forc«*s I* and P from tho 
points A and A'. Wo slmll have for the c«)uilibrium of tho first half of the arch the foniiula 
N X AC = B/s and for the c<]uilibrium of the second half N x .A'C's* whence dividing 
AC P /> 

member by member , = r;r-r- tbo triangle A BC and A'B'(7 being similar, tho first 
A C 1 p 

term may be replaceil by tho proportion of A B to A'H', which gives , whence 

■■ s — — . Now, calling H tho height I H, wo liavc A B + A'B' = 2 H, con- 

A B -t- A B Vp + I*^p 

seqncntly there results A B = 2 II ^ ^ ■ , from which we can obtain tho direction of the force 

r;» + r/> 

N, next the distance A C, ami nltiiuatelv the intensity of the thmst N. 

The most remarknblo example of a bridge with straight iron lss\ms Is the Britannia Bridge, 
constmcteil in 1850 over the Mcnai Straits, bv Robert Stephenson, on tho Cheater and Holyhead 
Railway. This bridge traverses an arm of the (kw at SSmi-trea al»ovo high water, by m<*ans of 
four s|ians, of which two are not less than 140 metres long. This bridge has the form of a long 
tube, with a rectangtilar section of 9*^*144 in height by 4"'50 in breadth. Us uptier casing 
wall is itself formed of eight eiiual tulx!s, fastened one to another, of a s<}uare section of 0'"*533 n 
side, and its Hoofing is formra of aix similar luWs 0**533 high by ©■•711 wide. Tho lateral 
walls are solid, and unitrtl. both above and below, by triangular brackets l“*22 high by 0"*533 
wide. Since the comnletion of this work, about which an immenso amount of nonsenao lias boon 
written, bridges with beams of iron plating have mnltiplied con- nan 

liderably. In bridges of small dimensions the beam is composed 
of a long plate of sheet irrm, ma<lo fast at top and bottom by angle- 
•iron ; Fig. 1488 givc« the section of this beam. It is strengthened 
fr»>m distance to distance by transverae plates having the aamo 
height as the beam, and towanls the top the same width as tho 
up|M‘r plate, while towards the Iurttom they are of greater width. 

This form is rcpre»cntc*l by the dotted lines on Fig. 1488. In tho 
more important bridges, the l>cam is a tube wiUi a rectangular 
section, formeil of four plates of iron held to^Uicr by angle-iron. 

Fig. I48i> is the iHK'tion of a l*o«ni of this kimi, I’ho arrangement 
of these Is-ams has liccn wiwl in many ways, those just df»cril>e»i 
ere the mtwt generally used. <)n milways, Uwms anab^ous to that 
of Figs. 1 488, 1483 arc t>r*UnariIv placed above the roadway which 
rests on tho lower rils» ; these txams are three in number, aud the trains pass along the spaces 
l>etwecn them. It follows, when Uie bridge, is of large dimousinns and the beams eousfvjuently irf 
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l»oig:lxt, that the prosiioct completely iiLut out when iiojuing over rivers, that is, nt the 
moat picturewpio jjnrtii of the way. To obviate this inoouvcnieiice. the tiommn eiisrineerH have 
enUmvourt'd to replace the solid walls of the U^auis by wiiHs of trcdlithwork ; but this »yHU‘m, in 
which one of the M;ts of Imrs furiahif; the Irtdlis is elougated while the other is coiuprcisscd, does 
not nll'ord aiifficieut solidity. 

To deUTmiiie Uio transverse dimensions of gtrai^ht l>eama, they are considered as pHsmatir 
t)oili<^ plactxl U)>on two supports, lomlod with n weight unifonniy ditfiistNl, and with a Iniwl applixvl 
at tho centre. If j> dcsignaUw tlie weight a metre uniformly ditfusnt, I* the loud applitsl ut tho 
middle of their extent, x the leugth of this, U the limit of teusiou which must not be exciHHlvil, 
A th <4 height of the bridge, aiul I tho moment of iuertia of its unright section in it'lation to thu 
horizontal drawn in this section tlirough its middle, or, more exactly, through its centre of gravity, 

— h 

wo ahall have to apply tho empirical formula R = “ Q pa* + i Pa^ . But it is necessary to 

observe here that, as in tho case of timlx?r bridges, if tlie lorn! is the weight of two 
locomotives ernsfting nt tho middle of tho inters{ia(H% as this is an exceptional load, 


K I i B 


we may admit thot the ]ilatcss in place of only having to support, os ordiunrily stii>' 
posed, about of the tension corres|Miiiding to its limit of elasticity, momentarily 
8 Upis»rts 4 : that is, in place of taking for U U kilos, a st^uarc metre, wo should take 
12 kilos. * 

In arched metal bridges, the beams w hich sustain tho flooring arc ordinarily of cast 
iron, in the sba|)c of a <!oublo T. But soinetiiues it is retiuired that tho resistance should 
bo tlio saiuo in nil the transverse sections, at least over a certain extent, starting from 
the key. To this end. the dLstance bctwi<cn the internal c^lgus of the rilw is mmlo 
to vary. If, for example, A stands for the distance between the ends A an<l C, Fig. HIM), 

6 the distance bidweeu tho {sdiits A and B, A* the distance betwi^in the points A' and 
C‘, and A' twice the distance A' I, A' is made to vary in such a manner that the resist- < 
ance causol by t)ie weight uniformly diffused may be the same for each section within 
certain limits. 

Let p bo tlio weight uniformly diffused, and a the length of tho intersiioce ; each point of 
support will exercise a reaction equal to — p a ; tho moment of the forces which act upon this 
space, from the pedut which has for its abscissa x, computed from one of the extremities as far as tho 
other extremity, will have for value p =p(a — -v) ^ (a — x) = — — pa (a — x); or = — p (ax — x*). 

The moment of inertia of the section in relatiun to the horizontal passing through its centre of 
gravity is besidea, otocording to an empirical formula, I ss ~ (6 A* — 6 ' A'*) ; finally, tho ordinate 


of the roost distant rib from the axis is o =: ^ A. 


12 


Calling R the limit of Icusion nut to be exceeded, wo shall then have, taking only the absoluto 

vp 6p((ix~iZ^) 

value of ^ U = - 7 - = -f-rj — ,, , a formula which will give tho values of A' ct)rres|>onding to 
I o A* — o A • 

the values of x. But ns it is not nt'ccssary that the thickness A A should be less than the thick- 
ness of the vertical mtcleus, as soon os A’ has attaimd tho value that is given for this thickness, 
wo Ci^Hsc mbling to A', and diminish A as far as a limit fixed beforehand. On the Auteuil railway, 
for instance, wo have, acooniing to M. Claudel, 

p = IGOO^A = b = 0*-28, 6 ' = 0®‘26, 0 = 8 metres; 

and, taking R, for want of better knowledge, as equal to 8,000,000, wo find the value of x corre- 
sponding to tho key, that is for x = a A = 0*“'52, which will give 0™ '08 for the thickness of tho 

two nnited riba, or 0"*04 for each of them. We flml that for x = 1*"*44 (about), the thickness of 
each rib is reduced to 0"'02, which is the thickness of the nucleus; A aud A' are then diminislud 
by an e«iual quantity without decreeing the thickness of the rib, until we reach A ss 0"’40, the 
limit of height fixed befurtdiand. 

The cross-bars are also ordinarily of a dnuble-T section. On the Auteuil railroad wo have 
o S 5 2*, A =: 0* ' 30, A = 0 “ • 20, 6'ss0*'188, whence we deduce 0**014 for the thickness of the 
nucleus and tho riljs. 

5iutpcn.<ioa Bridfftt . — The first consideration in suspension hriilgca is to determine the geo- 
metrical position of the angles of the polygon ft»rmed by the points of attachment of the siisjtomiing 
nds. It will bo observe^!, first, that each couple of rods corr^!Si>onding with the two sides of tho 
roadway may lie considered os bearing half the weight of each of the two intcrsjpocc* comprised 
iK^ween the couple of nds and the pr»HHding or following. If the nds are equidistant, they will 
consequently sustain equal weights. If the rods were infinite in uumlier ntid iufiuitely close to 
one another, each couple would sustain an clement of tlic roailway. and any given jjortimi of tho 
chain would sustain a weight proportiouetl to its hori»>ntaI projection. On this hyftnthcstR it is 
easy to ]>crceive that, disittganiing the weight of the rods, the eliain would asaume the form of a 
pambr>la to the vertical axis, the equation of which is easily ascertaimnl. I^t A, Fig. 1481, bo 
the lowest point of the chain. At this point is excrcise<l a horizontal tension which wo will 
represent by Q. I.et u.s take for the axis of y, the vertical of the jwunt A, and for the axis of x 
n horizontal O X drawn at the height of the roadway. 1^4 M and 51' be two |>oiuts of tho 
chain infinitely close to one another ; let T be the tension of the chain at tho jioint 51, a force 
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which b applie<l in the direction of a tangent at this point. If a designates the angle of 
t)iU tangent with tlie horiz^jn. the horizontal and vertical componenta of T will be T oos. a iuhI 
T sin. a. Passing from the point M to the point M', 
thctso components will bocomo T ooe. a + d, T sin. a, and 
T sin. a + (/, T sin. a. 

Lot 2 /> be the weiglit a lineal m^tre of tlie bridge, 

2pdx will be the weight of an element of this bridge, 
and pJx will bo the weight of tho portion N N' of the 
bridge sup{)ort<>(i by a itx} joinUnl at tho middle of 
the dement M M'. This element being in equilibrium ^ 
under the action of this weight and of the two tensions Q 
already considered, wo shall have, by taking the sum of 
tho horizf»ntal romponenU (T oos, a + d» T oos. a) — 

Tcos. a s 0, or d, T cos. a =: 0, whence 

T oos. a = const. = Q ; 
and taking the sum of the vertical components, 

(T sin. a + d, T sin. a) — T sin. a — d x * 0, or d, T sin. as p dx, 

and substituting for T its value , dQton. a sspdx, orQd^ = prfx, calling y'tho angular 
coefficient of tbo tangent at M. Integrating and observing that the point A is tho lowest 

p 

wo have y' s 0 for x s 0 ; wc obtain Qy^ = px, ordya: ^xdx. Integrating afreab 
and designating by y, the ordinate of tho jioint A, we find 



the equation of a parabola which has for axis the axis of y, d being employed as the differential 
sign. 

Without sunposing the rods infinite in number, if wo suppose them cxpiidistant, as is ortUnarily 
the case, ami disregarding their weight, we may demonstrate by vury slight consideration that tho 
angles of the polygon formexl by the chain are uj>on a }wrabola. Let M, M', BP'. Fig. 141^2, bo three 
consecutive points of the chain ; let T and T* be the tensions of tho sides M M' and BP Bl", and P 
the weight supported by the n.>d BP N’. Tho point BP being hi equilibrium under the artion of 
those three forces, the sum of their horizontal com|Mitu*nts is e*)ual to 0 ; that is to say, the horizontal 
projection of tho tension of any given side is a constant quantity ; vru will designate it as above, bv Q. 
Pniduoo the side BI BP as far as K ; the three forces T, T", and P, will be proportional to tbo tlireo 
sides of the trianglo BP BP' K, which arc respectively parallel to them. If then we represent the 
tension T by tho side BI BP, or by its equal BP K, tlie tension T’ wiU bo represented by M' M", 
and tho weight P by BP' K. Xow the weiglit sustaine<l by ^ch rod is a constant (}uautity, sineo 
the rods are (xjuidistant ; the length BI" K is then also constant. Draw tho horizontals Bf I and 
BP II. The length BPl or its ctjual K 11 lieing the primary difference of the ordinate M N ; that 
is to «iy, the difference between BP N’, and M N, and Bi'^H, being the primarj' difference of tho 
ordinate BP X', timi is the difference between Bl" X" and BP N', the Icngtli K, which is the differ* 
eum lictwcen these two primary differences, is nothing else than the second difference of BI N. 
The centre of curvatun^ of the fNiints of the chain has then this profierty, that the second difference 
of the ordinate isconstiuit; it is then a curve, the (quation of which is in tbo formy z=a*l-6x*bcx^, 
that is, it is a |mralxi!a, whoso axis is parallol to the ordinates. 




Finally, still disreganling the weight of the rods, wUatov<r may bo the su<vc*»ivo distances of 
tho nxis one fram the other, tlie ci>usi«cutive jMiints of nttacliment of tho chain arc always upon 
u |Miniliola. Let BI^ BI,, Bf,, M,, .... Fig. 141*3, lie the consivutive {M»inU of the chain; x^ 
^r> Vp • ■ • ’ their co-onliuatM in relathm to two rectangiUar axes, the one vertical passing 
through the middle of the hnrizcmlal side m M„, and tho other horizontal : P*, P„ IV Pr 
weights siipixirted by the TOrresponding rods ; T„ IV . . . . the tensions of the wnscrutive 
silk's : Q their conunon horizontal projection. It is sufficient, in fact, k> consider the equilibrium 
of any given apex and make iH{uaI to 0 the sum of the horizontal projections of the forces acting 
u|M»n it, to SCO that all these tensions have horizontal projections otjual in absolute value. Let us 
consider the cj^uilibrium of the point BI„ ; the weight P, applied at ihi» point him for its expresatoti 

1‘. = <> + + -T.). ra 
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deilmting by p thd weight * )tne»r m^tre luntained bv the dmitif which is the half of (bo weight 
wr linear metre of the roadway, flaking equal to 0 the sum of the horizontal projections of the 
forces Q, T, and wo obtain 

Q = T,cos. M. M.U = T.^~ V 

Making equal to 0 the sum of the vertical components of the same forces, wc find 


?(r, + xj = T. ria. M. M.H = T, 

If we divide term by term tho two proportions just cstablisheil, we obtain 
If wc consider tho 0 (]ui]ibriiim of tho point Mj, we shall find in tho samo way 


whence dividing term by term, 




’ M, M,’ 




- or!'i-yi = 


[♦] 


[ 5 ] 


Applying the same method to all tho other points, wo shall obtain analogous relations; and if 
•r*. I, jfa ~ and y. represent the co-ordinates of any two given consecutive points, wc shall 
have 


y. - y. - I = 2^ (xj - xj. ,). [C] 

Adding term to term all the relations thus obtained, ant] reducing, wo find 

y- - y. = (■'1 - ■*;)■ 

SO that by suppressing the index a we have for any given point of which x and y are the co-ordinates, 

y-y. = ^(^-x5); Cn 

this is the equation of a paral^la whose axis is vertical, and which has for its vertex tho point of 
the axis of y having for its ordinate y, — xj. 

If tho chain had m> horizontal side, we should make the y axis pass through the lowest apex 
M, ; we should then have x, s 0, and applying the same method, we should find the equation of 
the parabola to be 

y-y, = ^j'’- M 



Thus, by assuming the supposed point of attachment, and the point M„ we determine the 
ordinate of a point of Uie chain corresponding with a given abscissa, and consequently the point 
corresponding with a given rod, as well as the horizontal tension of tho chain. 

The actual point of attachment is always situated beyond the point which we liavo called tho 
imaginary point of attachment. 

It is easy to deduce from tho preceding the tension of a given side of the polygon formod by 
tho chain. Let M,_ \ and M„ Fig. H94, be two given cousccutivo points, and T« the tension of 
the side M,_i M,. The portion of tho chain comprised between tho point M, and the point 
M„ . I hears the weight of the roa«lway comprised Ixjlween the axis of y and tho vertical passing 
through the middle of M._ i, M. ; this weight has then the value 


P, =;. ^x._| + p(x._, + x.). 

This portion of the chain is in equilibrium under the action of its weight, i^d of the forces Q 
and T, ; calling a« tbo angle of the side M« - i M. with the horizon, and making equal to 0 tbs 
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0 um of the horiloDtsI componenlJ «nd that of the vertical oom^nents of thoao three forcca, wo 
obtain T, coo, n, = (^ and T. oin. a, = l’„ whence, squaring, adding, and eltlacting the oqnare 

root: 

T. = V Q* + i>; . [9] 

This tension increnoeo with P, ; thna the Diasimniu of tension is placed on the 1^ aide. In 
order to calculate it more easily, we may sup|)Oso that the lowest lioint of the cliain is the vertex 
of the iiarahola, which ia to lilaco it in the case of the formula [ 8 ]; and if wo call 4 the ditfer- 
once A - or the height of the point of attocluuent above tlio lowcat point, wo have 


'i = 2^'4- 

Bcsi(lc«, vre liave tbon P = pa; callmg T the maximum tenaiot^ it follows that 


T = V^i 




or T = p 


= pa V^l +^.- 


44> 


CIO] 



Tho horijtnntal tenainn and that of the diOViront sidoa of the chain may also be determined 
geometrically when we know the inclination of the last side. To niako this ch*ar» wc will take 
the case where there ia a horizontal aide. Uj»n a vertical of indefinito length let us take the 
Icngtha I A, AB, BC, .... I>H, Fig. H95, proportional to the Buocesaivo weights sujjportod 
by the different rwb: that b to say, to linlf the sum of 
tho weights of tho two adjacent divisions of the bridge. 

From the jwiint I draw a iiorizontal, and from the ex- 
trtmie |w>int H a right line, having the inclination given 
bv the last side of tho chain. These two right lines 
meet at a point O: draw O A, O B, O C, . . . . O D. 

The riglit line I H. n>presenting the weight borne by 
the rmis O I, will represent the horizontal tension Q, and 
the lines O A, ( ) B. O C, and so on, will reprifsent the 
tensions of the successive sides of tho chain; O H will 
represent the tension of tlic last side, which is the maxi- 
mum tension. If we first consider the |>ortinn of chain 
compritMvl Is^twceii tho first rod and the last, wc sec tlmt it b in equilibrinm under tho action of tho 
borizoiitiU tension Q of the tension T of the last side, and of the weight P of the roadway l>omo by 
these rods. Now, those thrt'c forces being imrallel to the three sides of tho triangle O I H, they 
ore |>m{)ortioaal to th(iM> sides ; and since r b represented by 1 II, it follows that Q b repro- 
aentid by O I. and T by O H. 

Lot «« m*w cotisidor the point of attachment of the last rod; it is in equilibrium under the 
action of the weight p, Busi>ende<l to tho roil, of the tension T of the last side, ami the tension T' 
of the prooi^ling side. Now, the two former forces Wing represented in magnitude and in dirc<v 
tion by the two nidta) I) II and O 21 of the triangle O D U, tho third force 1'' must be represented 
in magnitude and in direction by the tliinl side O I) of this trbngle. Wc should thus demonstreto 
step by step that f) C. O B, O A, and so on, represent in magnitude and direction the sucw'ssiro 
tensious of tho other sides. An analogous m<Hlo of ri-nsoning would be employed in case there 
were no horizontal side. In both cases the force Q b tho horizoulal pn»jectiuu common to all t)m 
tensions. 

It b DCcesHary to determine tho length of the chain. To obtain this, we might calculate sue- 
ceasively each of its sides by means of tlie co-ordinalt's of its extremities. But this metluMl is a 
very* laborious one; attd we can obtain a sufficient approximation by substituting for the polygon 
the circuniAcribcd parabola, of which we have Uie e<iuation. Wc take for thb the equatiou [ 8 ], 
iu which wo suppress which amounts to making tho x axis pass through tho lowest point ; wu 
p la 

thus get y ss replacing Q by its value, 2 ^ ^ * 

y = 4^,. [ 11 ] 

Calling s tho length of the arc o( tho curve oom putod f rom tho vertex, wo have 

d§ St dx V 1 -p y'*; 


X ./ 4 X* 

but y' = 2 6 consequently (/ J = dx V 14 . — - — 


In tho onltnary application, h Is small in comparison with a; bo«idc<^ x is at the most equal 
to a; (he fraction under tho nulical b then very small; and wc may, without |>crccptihlc error, 

add under the radical — ; (he i^uantity under the radical then becomes a perfect square num- 

(1 . 94.a>^ 


ber, and extracting the root, wc obtain ds = dx ( 1 -p • 


fV 




Intograting, and observing that for x s 0 wc should have s = 0, we find 

”-* + 3 

and for a s a, 

a = a + - I . . 


2 4* , 2 4'\ 

3 a = 


[ 12 ] 


which is the length of the parabola from the luacat point up to the i»oint which corresponds witli 
the extremity of the roadway. 
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This of the chain U iU abeoluto len^rth under the actinn of tlie load which it supports ; 

it is ^rcahT than its ori>?iual length t, hy the eloiii^tinn prtMtucod by tension. Let 0 bo a menu 
bctwi'cn the maximum tt^nsioii ciiioulated above, and the horizontal Uuisinn Q : Ute elongation of 
iron a limrar metre being U‘OOUO.Viuetre for a tcusiou of 1 kilrtgramme a square millimetre of the 

section, colling m the section of the chain expressed in square millimetres, s — #, = s, - 0® * 00005, 


whence = • 


- . The length t will vary with tlic temperature ; the coefficient of Iho 


1 4._0‘0005 

m 

expansion of iron, roughlv (‘stiinatcd, is 0'0000122, so that passing from 0 to the tcmi>eraturo t, the 
length $ becomes ** ss s(i + 0 0000122 <)• f'mm this results an increase of the versed sine, which 
it is necessary to know how to calculate. Now, if in the formula [12J we allow s and 6 to become 

variables and differentiate, we have ds = ^ considerable cxiMmsions we may ailmit 

tliat the final increments of s and 6 arc pbiiily projiortioual to increments infinitely small ; wo 
then write 46 , , .3a 

A«ss^a 6, whence a6 = -~ As, [13] 

. A 6 signifies the finite difference of 6, 

This formula give* the increment of the vcrsc*d sine A6 corresjwnding with an increase of length 
As of tho chain. We thus fiud that for a bridge of 100 metres s^wn, in which case a is c(|nal 
50 metres, and liaviiig a verse<l sine of 5 metres, the latter is augmeuted by 0®*135 when tho 
Wmperature is raised from 0 to 30^. 

Tlie section of the rods is easily calculated according to the weight they liave to carry. Take 
tlie value of the weight of tho roadway which the nid has to supiiort, ami mid to it, according 
to the regulatimis laid down, a load of *200 kilos, a square metro ; divide tho snm by 12 kilos, in 
the case of iron Imrs, and by 18 kilos, in the cose of wire rope. The quotient expresses in stjuaro 
millimetres the section of the rod. 

The section of tho chain is determined according to the maximum tension which it has to 
aupIMirt. This tension is obtainc<l by taking into account at first only the weight of the rrtadway, 
of its load, aud of the weight of the mtla. We thus obtain for the section of the chain an approxi* 
mutive value, whence we deduce the approximative value of the chain itself. Itecfimmcucing tho 
calculation bv introducing into the total weight that of the chain, wc obtain a near value for tlio 
section, which is in general sufficiently near for all purposes. The small beams siipijorte*! by the 
rods by means of iron straps may be enusiderod as prisms place*] u{Km two 8UpiN>rts and h^detl witii 
tho weight of tho flooring-planks, which form two semi-inb^rspaces, having tiur regulation loot! or 
Weight unifomilysprirad over the length of the beam. The dimensions of the finoringareealculatud 
in a similar manner. The regulation load of 200 kilos, a square metre ifpriwnts tJio weight of 
three men. If the bridge is intended for the passage of vehicles, it is necessary, in the calculation 
of the section of the chain and tliat of the nids, to take into account the weight of two conrcyancoa 
at host ; amt to consider them os crossing one another upon a given interspace. It is olso ncct'ssary 
to consider this circumKtance in the calculation for the smaller beams aud tlie floor, imltqH'iidently 
of a weight uniformly distrlbutcKi : we have then to consider a weight applied at a given point, for 
cxamole in the middle, which is the moet unfavourable case. 

We require to calculate the lengths of the rmls. If they an? not (siuidistant, each of these 
lengths must bo calculated by mrsiUH of the c-<]uation of the ]iaralx)ln. and taking tho sum. But 
the calculation is Himplifiml when the rtnls are e«|uidiBtant. la*t us considej' first the case iu which 
there is no horizontal side. Wo have seen that the ojuation of the parabola in relation to its 

X* 

vertex is then y = 6 -s . 

a* 

Let us designate by X the width of an interspace ; tho successive lengths of the ro<lii, computed 
from the axis of x, that is to my, from the horizontal which starts from the lowest jiuint, will have 
, 6X* 64X> 6UX» 6a*X* „. , r , rn, 

for their respective values — j-, ^ • • • « ■> calling n tho number of rods. Tho 


. . . • *f a*). Now tho sum of the squares 

a(a+ l)(2a + l) , , 

, WO shall then liavo 


6X* 

sum 2 of these rods will then bo 2 = — y (1 + 4 + 9 + 

a* 

of the cviDsocutivo numbers from 1 ta a lias for its value 

o 

a(n-M)(2n4»l) 

a* () 

Wo may simplify still more this expression by observing that wo havo 

a ss (a + 1) X, whence — . 

' ' ^ a a + 1 

Substituting this value for — * and reducing, wo find 

,«(2a-(-l)_, I,_2a+1 

6(n+l)’"*“ 3 2T+'3- 

If there is a horizontal side, the most simple method is still to take the poralxila in relation to 
its vertex, in which case the e<iuation [8] is reduced further to the form y = 
the transposition of the axis of x does not change tho parameter. But the abscissa of the points 


[14] 


Pm . 

X* = 6 ~ , since 
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of Bttachmontortherod»arothon,de«ign«liiiKb]rf, thohalf-interepMe, t, (2n— 1)«, 

n designating the nnmber of the rods. We nave then in this case 

3 = ^ [1 + 9 + 23 + 49 + (2 » - 1)=]. 

, , , , . , (2 a - l)2a(2n+ 1) 

Xow the ram of the wiuares of the n first unequal numbers hos for its value ^ , 

. 6*5 (2« -l)2n (2n + 1) 

we then get 2 » ^ jjv • 

This expression may be simplified by observing that we have a =« 2 n +1, whence = 2h+1 
Substituting nod reducing, we obtain as a final result 

^ * [15] 


(2n-I)2. _ 1 

6(2a+l) 3 2a+l 


We may remark that tlio values of 2 given by the formula) [14] and [15] diflbr very slightly 
fri>m — 6 a ; BO that when we only retjuiro a summary estimate, wo can get the sum of the lengths 

of the rods by multiplying the third of the grcftt4?«t by the number of these rods. 

The formula) [14J and [15] give the sum of the lengths of the nxU only as fur aa the tangrat 
to the vertex of tlie paml>ola circumscribed on the chain. It is necessary to add further the lengths 
of the |)ortions of the roils comprised between the tangent and the roadway. If the latter is hori- 
zontal. calling 8 the distance fnmi the vertex of the curve to the roadway, we must wld a 8 to the 
sum already calculated. Sometimes the roadway has a slightly parabolic form, the convexity being 
turned upwards. In this case it would be necessary further to add to the sum of which wo speak 
the sum of the ordinates of the new parabola, coirc-8|x>nd- 
ing with the same abscisss; they aro calculated like the 
fii^ sum. 

We have supj>o**od up to the present that the 
cliain was composed of two symmetrical portions, its 
vertex correaponding with tho middle of the road- 
way. This is not always tho case ; but, knowing tho 
heights A and A*, Fig. 14W5, of the supposed points 
of attachment H and H' above tho tangent to tho 
vertex, and the length A A' as L of the roadway, it is easy to determine the distances <i and a' 
from tho summit of the parabola to tho extremities of this rowlway. For we liavo, first, a -f a'-= L. 

Next wo have, since tho points H and IT aro upon the parabola, A = ft“d A' = 



whence _=_,oe-,= — 


2Q 


We also obtain from tho two relations between <t and a’ the values 
_ ^ A 1 » T V A' 


J h + V A' 


, and a' = L 


V * + V A' 


which determine the noeitinn of the point O. This point being known, wc may apply to each of 
the branches O A and O A' the calculations and tho formula) ^longing to tho caso in which tho 
point U was snpposeil to be in the middle of the roadway. 

We have also supposeil that there was only one chain on each side of the bridge; generally 
them are several ; but tlio projection of their vertices upon a vertical plane jmrallel to the direction 
of the bridge is upon tho same parabola. The calculations aro made as if all these verticea 
liolongod to one chain. If there aro four, tho first bears the rods 1, 5, 9, &c. ; the second, tho rods 
2, G, 10, iS:c. ; the third, the rods 3, 7, 11, &c. ; the fourth, tho rods 4, 8, 12, Ac. 


im. 



1498 . 



Tho chains or cables rest ujion the piers or abutments by means of fixed or movable supports. 
In the first cose, these supports are piers of masonry, or cast-iran pillars. Tho chains are not 
attached to these ; they pass over mllers, or portions of rollers, known as revolving sectors, Pig. 1497, 
which themselves rest upon a plane surfaoe. Tho intention of this arrangement is to dislributo 
the pressure more equally over tlm difieront |>ortions of any one chain, and to counteract tlie rupture 
which might result from an inei]uality of tension between two consecutive {lortions of the chain. 
OecosiunBlly the chain is even made to |)Osa over threo rollers, of which one. that in the middle, 
is placeil higher than tlie others, in order to diminish the angle of flexion of the chain, Fig. 1498. 
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The movftblo eupporta arc columns or large cast-iron uprights, resting upon a fixed support hj 
means of a horizontal rounded edge. This arrangement has the same inteutiou as the use of 
friction-rollers or revolving sectors. The tension is distrihuttMl wjually between the two divisions 
of the cable, and the resultant of tbo two equal tensions is directed accrmling U> tlie biBC-ctrix of 
the angle formed by the two divisions; it leans towards one or the other side, acmnling to the 
int^uality of the load of the two roadways. It is plain that if, from the efiTi ct of a iMssing iniul upon 
one of these two roadways, the tension of the chain is angtoenttsl, the chain is drawn towards that 
side, and hy adherence draws with it the movable pillar, making it revolve round its resting iioint 
O, Fig. 1409, until tbo tension diminisiiing on that side and increasing on the other, becomes et^ual 
to the two divisions. 

Thu base of the pier must be so arraiigid that, meeting the r(>sult of the two tensions, with the 
weight of the pier and the riivolving column, we obtain a total resultant which meets the base of 
tbe pier at a point in its iuieriur, sumcieutly nmioved from the mcarost edge to avoid cnishing the 
stone, and will also make with the vertical an angle inferior to the angle of the friction of the 
pillar on the stone, that is to say, inferior to «TP, or tbo antjle of /rictitm. 


14W. IftOO. 



I‘]ach of the extremities of the chain, after having passed over the fixed or movable support 
which a>mysiKmds to the abutment, is carried into the ground, p«*netrating into a eolid mass of 
masonry, united to the pier. Fig. 1500 shows this arrangement ; the chain after passing over tbo 
BUiijiort, takes the direction A B. generally more nearly approaching the vertical than the last 
side T A ; at D it assumes a lamt direction, so as not to reqmrc in the mass where it is moored 
dimensions mwllcsslv great; with the point of iuficction there usually corresp<»nds a smaller 
revolving support ; tlio chain afterwards deacends in the direction B C into an inclined channel, 
whicli is terminated by a narrow ofieoing cloar-d by a plate of cast iron, to which tlie chain is 
fixed ; below this is the moj>ring-hole C, into which there is access by tl»e opening D to rtach 
the |ioint of attachment. The same opening usually serves for access to the two cavities on 
the same bank communicating one with another by a vaulted gallery. It is necetisary' for tbo 
equilibrium and stability t&j Mystem, that on composing tlio tension in the direction of A B 
with the weight of the mooring-block, a resultant should be obtained which meets the mass of tho 
block at a |s)int in its interior, at a sufficient distance from the nearest ridgo, and which will 
make, with the vertical, an angle inferior to the arufk of friction considered above. In accordance 
with tliis, the dimensions and cons©«iuently the weight of the block aro determined. 

As a rule, no great height is given to the support whether fixed or movable; it follows that 
the tension Q is rather considerable, for it varies in inverse ratio with tho height; but in an 
mmomical point of view there Is less inconvenience in slightly augmenting tbe sectum of the 
chains, than in increasing the height of the supports, which would besides have the effect of 



diminishing stAbilitj. Where we arc obliged to give a great height to the supports, they are 
united by ntaya A B, C D, Fig. 1501. which are nttache<l to the top of one of tho piers and fixed 
at the foot of the other : the figure shows this arrangomont. 
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Vie have said that the actual point of athichmcnt of the chainn docs not 
coincide with that which wc have called the imaginary {loint of attachment, 
which iB umn the vertical of the extremity of the roadway. In tide in- 
terval, the chain having only iU own weight to carry, afft^cta the form of an 
arch of chainwork, which nccorde with the paralmla circum8cribe<l on the 
chain ; but the two curvea differ then ao little one from the other, that we 
may without appreciable error consider the arch of chainwork as the prolou- 
gatioQ of the parahola. 

Iren Jlridge Jiuihling. — The Cliaring Croea Bridge, erected to support the 
Charing Croas Railway over the Thames, occupies the site of the Hungerford 
Bus^naion Bridge. 

This bridge comprises nine spans. Fig. 1502, six of 154 ft. and three of 100 ft. 
The superstructure over the tliree latter spans is fan-shaped, Fig. 1503, inasmuch 
as the ground available for the 

Charing Cross Station lieing t*®** 

aomcwlmt restricted in length, 

it was necessary to l>egin the 

widening out on tlie bridge. 

It was found necessary to "* ^ 

divide the opening between " pjj ~ ~ ~1 

the Middlesex pier and abut- ) 

mcnl into three s}«ns of 100 

ft., instead of into two siiensof 

154 ft., os on the Surrey side. 

The bridge is carried by g S 

cylindera, sunk into the bed tt |p 

of tlie river, and by the piers t 91 VI t 

of the Hungerford Suspension -jgjj y 
Bridge. Fig. 1502, the unper 
portions of which have u^n 

removed, while the lower |s)r- 

tions have been addc<l to and 

modificnl, so as to adapt them 

for the railway bridge. The 

abutments of the Hungerford aipi HiHlllSliMIH ■■■ 

Sus|)cnsion Bridge are also = — — = rr=: = 

retained, but Imvc been cousi- 

derably lengthcTicd and al- 

tered. The width of the river — HHpSgBSlH mmm 

at the lltiW ft. The — — rr -- - ~ ^ 

about 10 ft. The riae of spring 
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Imrizontal jointa can aUo be mode to fit better in this way than by breaking the vertical joints. 
The thickneiia of the luotal in these cylinders Is 1| in. throughout, excepting in the bottom length, 
where it is 1| in. 

Sinkiiuj Cylhulrrf . — The staging for sinking the cylinders consisted of piles erected round 

the pier, supporting a stage or platform at the level nf 4 ft. above high-water mark. When this 
staging was in its ploce, an opening of 4.5 ft. was left between two adjoining piers ; but in onler 
that the navigation might not bo interrupted, only two openings, in the space between the two 


brick piers, were allowed to be narrowed to that extent. Tlio staging used in the two Burrey 
onenings, which was generally sitnilar to tlmt employed for the other openings of the same spon, is 
snown in Figs*. 1.5CW, J5CH». The part up to the lower platform was erectod for the purptjso of 
sinking the cylinders. This, was afterwards carried up, and the 45*ft. opening spanned, for the 
purpose of erecting the ginlcrs. 
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Tho stratA throQgh which tho CTliadors tre sunk. Fig. 1502, ormsist of mud and graToI. of 
Tarying thickncssos, overlying tho Londnii clay. Tho cTlindors were sunk by excavating the 
material from tho inMide, by means of divers, and then by weighting them as tho excavation 
proceeded, until they had paased through all tho porous material, and liad entered a few feet into 
tho solid London clay. The water was then pumped out, and the cylinder was kept dry during 
the rest of the npemtion. The sinking was then procoo«led with, by excavating the material and 
by weighting tho cylinders. The weight with which it was found necessary to load the cylinders, 
in onler to nveronme the friction of the sides, and to sink them to their final depth, averaged 
aliout 150 tons. Tho London clay extended to a depth far below tho level at which tho cylinders 
were founde<l. 

Tho cylinders constituting the pier between the Surrey abutment and the brick pier, ore sunk 
to a depth of .52 ft. ludow IVinity higli-waler mark. Thow! l>otween the two brick piers are 
sunk to a depth of 62 ft. below the saroe level, excepting the up*stream cylinder of the middle pier, 
which had to be sunk 10 ft. dec|>er, on account of some of the material through which it passed 
being softer than that met with at the sites of tho other cylinders. 

the Cy/iWcrs, UV/r/Afim;, — After the cylinders had been sunk, and the material 

had been excavated, they were filled with concrete up to where the conical part commences, and 
with brirkw<>rk from tliat level to the undor-side of the granite bearing-blocks occupying the top 
of each cylinder. The concrete was composed of Thames gravel or ballast, that obtained from the 
excavation fmm the inside of the cylinders being uw>d, m far as it was suitable and sufficient. 
This was mixed with Portland cement, in the proportion of one part of cement to seven parts of 
gravel. The brickwork is generally composed of tlie best j^viour bricks, set in Portland cement 
mortar, in the proportion of one part of cement to two parts and a half of sand. 

Before the leti^hs altove high water were put on, the cylimlens, after they had been fille<l with 
the concrete and brickwork, were weighted with a load of about 450 tons, excepting the two 
cylinders in the pier nearest to tho Hiirrey side, which wore the first sunk, and wcighteil each 
with 700 tons, that being about tho greatest load that could come upon any one cylinder, assuming 
the four lines of mils on tho bridge to be leailod with locomotive engines. Upon the removal of 
the loads, it was found that each of the cyliudcrs which ha<l been weighted with 700 tons had 
permanently sunk 4 in., and cacli of the otliers tliat were loaded with 450 tons had permanently 
sunk, on an average, nearly 3 in. The larger loads were applied in order to test tho strength of 
the foundations, and the subscejuent smaller loails to bring the cylinders to a bearing, so as to 
prevent any settlement, after the completion of the bridge, fmm the weight of the permanent and 
moving loads. The load was anpHcil l>y piling the permanent mils of the railway on the eylindera. 
After it was removed, the top lengths were put on, and were filled in with brickwork, and then 
the gmnite bearing-blocks were flxcil in place. These blocks are 2 ft. G in. thick, and are in two 
diual pieces, which, when together, fill the cylinder, the joint being under and longitudinal with 
the girders. Tho granite blocks project 1 in. above the top of the cylinders, in order that the 
weight may be prevente<l from coming on the upjier edge of the ironwork. 

Kach fjair of oylinders forming a pier is connected t<^ther transversely by a wrought-iuHi box- 
girder, 4 ft. deep, strongly attaclu^ to the top of each, Figs. 1510 to 1512. This girder also serves 
the purpose of a erose-ginlor for supporting tne road- 
way. Assuming the four lines of way on the bridge 
to be loa«lotl with locomotive engines, the pressuro 
on the base of the cylinders would amount to 
about R tons tho square ft., and that on the brick- 
work at tho top of the cone, where the cylinder is 
10 ft. diameter, to about 9 tons tho square ft. The 
former pressure, however, is on the supposition that 
no relief is afforded by the friction of tho sides 
against the material through which the cylinders 
penetrate. If this were taken into account, as it 
should be, the 8 tons the square ft. would be much 
reduced, and it is clear that this pressure will not 
be appmacluHl. 

o/ 154 ft. S}xin. — The 

superstructure of each of the openings, 154 ft. span, 
consists of two main girders, underneath which are 
cmas-girders, Fig. 1591. The main girder* are, like 
the cylinders, 49 ft. 4 in. a|iart fmm centre to centre 
transversely, leaving a spocc botwix'U them Muffleirnt for four lines of rails, the roadway platform 
being supported by the emss-girders. For the puqioHO of carrying the ftxdpaths, each of ahich 
is 7 it. wide, tho cmss-girdcrs extend beyond tho main girders, forming w scries of contilevcrs on 
each side of the bridge. 

Miti% GinJrrt Spimnin/j the 154-//. Theao ginlcrs aro of wrought imn. They arc not 

continuous over two or more openings, hut arc all detached. Pjich has b’ Hiip|)orU inclusive of its 
own weight, a maximum disinbuU'U l«sul of nUiut 700 tons. Tim elevation, hcctions, and details 
of tliese ginlers arc shown in Figs. 1513 to 1530. The extreme depth of the girders is H ft., and 
the depth between the centres of gravity of the top and }>^«tlmn members is 12 ft. 9 in. 'N hen tho 
girders art* loaded with a maximum strain of 4 bms the sq. in. in fNimprcMsifm, and of 5 tons 
the »!. in. in extension (which aro the limits allowed for the arought-imn work thmughout 
the bridgoX the sectional area in the to|». at the centre of the girder, a ill b«' somewhat lets than 
300 sq. in., and that in the bottom, excluding the rivet-holes, will be somewhat leas than 235 »q. in. ; 
these l>eing tho respective central areas of the glrdeia. 

Tho sides of the girders between the bearings aro divided by vertical bars into fourteen equal 
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nuU. c«eli diriaion containing n donblo wt of two dtagonnta CTOMing e«oh other Thceo ^ 
{diced, u nonrlv .« pn«!tic»hlo, at an angle of 45 " with the top and l«ttnm of the gmlor : «nd >>^ 
tbe diogoDAlf and the rortical bar® arc oonnectod to tbo top and bottom weba by pm® of puddled 
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of UlO top and bottom webs, arc covcrocl by a oontinuona plato running' tho whole lens:th of the 
girder ; that In the top btdng of the Mime thielcneas as tlic plates rovoro<l. and that in the lottoiu 
^ in. thicker. Figs. 1525 to 1528. The jointa in the vertic'al riba in the top and Ijottom occur 
m-ar the pin-holeii, anil ar<^ <*orcr»*d by l*in. plates, 2 ft. 4 in. long, plnoe<l on lK>th aides of the 
film, thuB forming a good bearing for the pins. Figs. 152D. 15,'tO. The vertical ribe are unite<l to 
tho horizontal taldea by angle-iirm, 6 in. by G in., Ify 1 in. thick in the centre and J in. thick at 
the en<lM,coA’ereii at the joints. The riveU used throughout the top ami bottom of the girdem are 
1 in. diameter, and their pitch is al>out 4 in. 

The aggregaUi thiekueaa of tho plates in tho horizontal table of tho top in the centre of tho 
ginlcr being in., and in tho bottom 31-i in., without the angle-iron, and 4 1 in. and 4|^} in. re- 
•m'ctively, with the aiigle-irou, but excluding tho nnglc-imn covers, it would not be easy to unite 
the parts composing such a thickness by rivets (laaKing through holes puneheil in the metal. However 
perfectly the holes may lie set out in the first instance, the process of punrhing always stretches tho 
Iron : so that, when the plates arc put tmjether. the holes do not come accurately over one another. 
Neither would they have been truly cylindrical throughout, as they are always, when puncJied, 
larger on one side than the other: so tliat where so many thickn<n»es hiid to lie united, imperfect 
riveting would have n^ultml, unless rimering out to a great extent had been resorted to. 

The diagonals which act as ties are of Howard's rolled suspension links, each separate tio 
being com|vi»ssl of two or three links riveteil together. The diagonals acting as struts are each 
in ono solid forjring. The struts ami the ties liave swelled ends for the pins. Tlie struts arc 
uniteil together in pairs, by zigzag bracing of wrought iron, 4J in. wide by f in, thick, riveted to 
them, and by Ixdts passing through cast-imn distancc-piiies. The ties, also in pairs, are not 
iinitid togetlior j but in the centre of tho girders, where the diagonals act Iwtb as struts and tics, 
the pairs are united together in tho two central spaces by the zigzag work. The dimensions of 
the stmts vary' from 12 in. by 3 in. at the ends, to 6 in. by 2( in. in the middle: and of the tics, 
from 12 in. by 2| in. at tho emls, to 6 in. by 2 in. in the middle. They arc 7 in. diameter at 
the ends of the girders, decreasing to 5 in. diameter at tho centre, and are 11 ft. apart from cimtro 
to centre. 

At the emls of the girders the sides over the supports are boxM, being cnraposo<l of J-in. plate 
iron, stiflTcnfd by angle and X iron. Where the ginlers bear upon the brick piers and Vipon the 
Surrey abutment, they rest tipnn roller be»l-plntcs; but upon the cylinders Bhi*et lew! only is 
intcr|>os<H! lictwcen tho ginlers ami the granite blocks. Tho force of expansion and contraction 
will pmliftbly cause the cylimlem between the brick piers to rock to and fro to a certain but 
inappreciable extent. Tho ginlers were put together in place on the staging. Figs. 1.508, 1.503. 
The top of the ginlcr was put together on the top up|>er platform, ami the Imttom of tho ginlcr 
on the top lower nlatform, the two platforms being kept at the correct distances ajiart by diagonals, 
converting the whole into a framework of timlicr. Tho supports on tlu* fdatfomis, on which tho 
girrlcrs were cn-ctml, were nocurately adjusited to the pmjier camber of the ginlew. 

The struts, with the diagonal bracing, were also j)ut together at the works of Cochrane and Co., 
and the pin-holo» were Ixiretl out to the full size: so that they, ami also tlio ties, were sent up in 
n complete state. When the top and liottom wcIm were in place, the struts and the ties were 
ercct«l, atul the pin-holes in the girders were aecnrately liored out, by moans of a Ixiring apparatus 
worked by a small steam-engine, tho gauge of the running wheels o&which was so adjust^, that 
it might work backwards and forwanls on the two outer vertical ribs of tho lower {xirt of the 
girder. Great care was taken to ensure accuracy in tlio direction ami position of the holes. The 
pina, after being coated with greoae, were forced into the holes, tho diameter of the latter lieing 
such that tho former could only bo driven In by exerting a consiilcniblc force, a perfect fit btdng 
thereby oslnblishivl. The vertical bars dividing tbo sides into the M'V(>ral K|iaces are 6 in. wide 
by 1 in. thick. They have not been taken into account in calculating the strains. They fit on to 
the ends of the steel pins, and are in pairs, one on either side, and outside the outer vciitcal ribs 
of the top and Ivittmn, and are connected together by l>olts and distauco-pipes. The only use the/ 
serve is to stiffen the girder. 

Tlie emls of the pins are covere<l witli circular castings, screwed on ; and over tho cmls, resting 
on the cylinders, ornamental castings are fixed. 

Tho weight of each main girder spanning the 154-fl. openings is IIK) tons. 

One of the main girders was tested, when in place, with a diHtribnted load of 400 tons, and 
tho deflections were accurately taken. The loml being very great, and the girder bi-ing uncon- 
nected transversely (tho cross-girdors not having l>oen fixed), groat care had to be observeil in 

f tutting on tho weight, which consisted of tho rails of the railway. Tho manner in which it was 
oadod will be understood from Figs. 1531, 1532. The greatest deflection in the centre, when the 



load was on. was 1^^ in., and the permanent deflection, after the load wa.s removed, was j in.. 
Fig. 15:«. If tho ginlers had been rigidly conneeteil transve rsely by tho croas-girders, tho defltM^ 
tioQ would doubtless have been leas. TbU has since been proved to bo the case. The whole of 
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the bridge, in it« eompleteJ stnto, boa boon tested by a maximam load» and the greatest defloctitm 
of the main girders has not IsN-n more than J of an in. in the centre. 

The plate iron uwd throughout the bridge was also tcaU^. These are interrating^ as both the 
extension and the permanout act were carefully taken by an accurato ext<n*omler. 



more openings. HawkshnVs original intention was to omnect the ginlers spanning the two end 
openings on the Surrey side, ami also to cnniit'ct the girders s(Mmning the four central openings. 
As regards the ginlers spanning the two openings on the Surrey side, it was found that it was not 
easy to gain the full advantage frmn continuity, inasmuch as the girders having to support a 
oonNiilerable loa<l, the thickness of the plates in the top and bottom was too grout to render it 
practicable to reduce them to a minimum at the point of contrary flexure. Moreover, the strain 
on the diagonals would have been greater at the central support than at the end MUppirls, and the 
uniformity in sixe of the struts and ties could not have be<m inaintainetl, had their correct dimiui* 
aions consequent upon oontuiuity been adopted. It was also desirable not to increase the strain 
on the diagonals, as the end struts are alrc^y Urge forgings. The same remarks apply, more or 
less, to the ^rdors spanning the four central openings, although in this case greater advantage 
would have DSeti gained by continuity. More difficulty, however, would have been experienced 
ill their erection, inasmuch as the Conservators of the River Thames only allowed the staging to 
be erected in the river for two of the central openings at one time. It is clear, also, tliat much 
more troublo would have been incurred in constructing continuous girders over sever^ openings, 
tlian in putting together a series of detached girders. In the former ease there would be a 
multitude of dissimilar parts, whilst in the hitter all the girders would be duplicates of ouo 


% 
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another. Better workmanship is thus ensured, and at . 
a less cost a ton. In order to ascertain whether any 
saving of metal would be effecteil by the girders being ^ 
constructed on the continuous or nou«continnou» system, 
drawings of both were ^pare<l, and the weights were 
accumtolv calcuUted. The difference was inconsider- 
able in Uie case of the side o|i6Dinga, and was not of 
sufficient importance over the centrat openings to 
counterhelsDoe the advantages to be derived from non- 
continuity. 

Cnti*^lirders for the Opmin-jt 1,51 //. .Sz-oa.— The 
cross-girders for the openings, IM ft. span, arc shown in 
Figs. ir>ni k> 1.537. ^cy arc of wrought iron, and are i 
susitcnded from the main girders. The top and the i 
bottom of that {tortion of the cross-girders between the 
main girders consist of two plates, 18 in. wide by * in. 
thick. The sides are of lattice-bars, united to the top 
and bottom by two angle-irons, 5 in. by 3 in. by in. thick. These cross-girders are 4 ft. 
the middle a^l 2 ft. in. deep wboro the cantilevers are ooitod to them outside the main 
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the bottom being fish-bellied, and the top having a camber of 3} in. in the centre. The lattice-bars 
are fixed at an angle of about 45° with the top and bottom. The ties are in two l)ars thronghout, and 
each bar varies from U in. by } in. at the ends to 4 in. by | in. in the middle. The struts are in one 
l«r nassing Ix'tween the two ties, and vary from 6 in. by 1 in. at the ends to 4 in. by ] in. in the 
middle. The rivets in the eroas-pnlers are ^ in. diameter. The cantilevers decrease from 
2 ft. U in. deep at their junction with the croaa-ginlen to 1 ft. 2 in. deep at the extremities. The 
top and bottom of the cantilevers are composed of two angle-irons, 3) in. by 3 in. by | in. thick, 
and the sidea are of laUi<v>-liar8 also plac4>tl at an angle of a^iut 45° with the top and bottom; the 
ties likewise consist of two bars and the struts of one bar passing between them, each of the former 
being 2 in. by ) in. and the latter 2 in. by } in. 

It will be seen, therefore, that the cross-girders are generally similar in chametor to the main 
girders. Thev are suspended from the undcr-aide of the main girders at the points where Uio 
pins occur, 'fhey are therefore placed 11 ft. apart, from centre to centre. The sides of the cross- 
girders, where they are underneath the main ginlors, are Imxed in with plate iron. They an> 
suspcndnl by four an^le-irons— two on either side — and outaido the outer vertical rilst of the 
bottom of each main girder, to which, and to the lx)xed sides of the cross-ginler those angle-irons 
are riveted. By this means a strong and good attachment is established. The cross-girders arc 
connected together by wrirnght-iron cruss-braoing attached to the centre of eacli. Fig. 1503. Each 
cross-girder, including the two cantilevers, weighs 9 tons. They were tested by erecting two 
emss-giniers in the otmimetor’s yanl, tdaced transversely 0 ft. ajiart in the clear, the cantilvvers 
being removed. They wore then Inaaeil with 140 tons (equivalent to 70 tons on each girder) 
distribiiUil over the s|wn. The maximum deflection in the centre, when the load was on, was 
1 in. : and the permoiient deflection, when the load was itunovid, was | in. This result would 
doubtless have l>e(>D lK.‘tter ha<l the cmtw-ginlcrs Itecn in place and rigidly fixed at the ends to the 
main girders. The whole of tho cross-girders have since bii'D tested in place with a maximum 
load, and tho deflection has in no case been more than | in. in tho centre. 

/Wn End . — The superstructure of the three openings, 100 ft. s|Sin each, of the fan end is sup- 
porte<l bv the Mitldiesex brick pier and by the Middlesex abutment of the bridge, and inU‘nnediat4^ 
to these Ly piers of cast-iron cylinders, that next to the brick pier consisting of a row of seven 
cylinders, and that next to the abutment of a row of nino cylinders. In these two rows, F^gs. 
150^1, l&W, the outer cylinders are 10 ft. diameter bclnw aiul 8 ft. diameter al/ovo tho ground, and 
the inner ones are also 10 ft. diameter Im.‘1ow but only G ft. diameter above tho ground, the junction 
between the two tenths of different diameters being effected by a conical length. The circum- 
ference of the lower lengtlis of the cylinders, 10 ft. diamett^r, is dividod into segments, which are 
generally similar, and are ccmnccted together in the same way, as the uppt^r lengths the 
cylinders alremlr described, of the same diameter, in the piers of tho openings 154 ft. span. The 
upper lengths of the outer cylinders 8 ft. diameter, and of tho inner cylinders 6 ft. diameter, are 
not divided into segments, but arc cast in pieces complete on the circumference, and 5 ft. long. 
These nieces are fastened t^^ether, by bolts Ij in. diatiu’ter |suMing through flanges cast on the 
top and lx)ttom. All the joints throughout these cylinders are made water-tight oy iron cement. 
The cylinders in these two piers have been sunk in place, precisely in the same manner as the 
cylinders of tho openings of 154 ft. s|»n, and to dcptlis averaging aliout 40 ft. Itelow Trinity high- 
aster mark. When in place and when all the material Imd l>cen excavated from the insiefe, they 
were filled with Portland cement concrete to the level of about 5 ft. al»ovo Trinity high-water 
mark. It was not considered necessary to fill in the remaining portion of these cylinders. 

As sonu* irregularities, or deviations from the perpendicular, occurred in sinking some of the 
cylinders in the row next the 
Middlesex brick pier, a horizontal 
casting, extending over all the 
cylinders of this row, was boltetl 
to them at about the level of the 
ground, Fig. 1538 ; on this casting 
the upper parts of the cylinders 
of this pier are fixed. 

On account of the great width 
of fan. which increases from 49 ft. 

4 in. from centre to centre of the 
outside girders at its commence- 
ment at the Middlesex brick pier 
(this being the width between the 
parallel main ginlers spanning 
the 154-ft. openings) to 1G8 ft. 
from centre to wmtre of the ont- 
■ide girders at the abutment, the 
system pursued in the other open- 
ings, of supitortlng the roadway 
on cross-girders RUS|)eDded from 
outside mnio girders, was clearly 
inadmissible. It was also unde- 
sirable to int^nce intermediate main girders, projecting above the roadway. The roadway 
over the fan is, therefore, carried by interior plate-girders, laid at right angles to the piers 
and the abutment, and by tho outside main girders, which are at the angle of inclination 
of the fan. These latter, Figs. 1539 to 1542, are of the same depth, and although lighter in 
all the parts, are generally of the same character, and are fixwl at the same level, as tho girders 
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of tho opcniDgs 154 ft. span. Tho fncM of the hriJi^c have, tlieroforo, a imiforni appoamneo 
throughout. 

The interior plate-girdcn*, where they !»eftr on the eylindera, rest on n Le<l-plate, Figs. 1503 
to 1543, extemlitig over all tho cylimlera of each row. They arc connected t^^ether by croea* 
bracing in the centre of each span, andat ))oiuta iiite>rm«^Hate Ix-twoen theecntreand the aupportci; 
and where they reat tm the Middleaox pier and abutment are built inU» the brickwork. The 
bottom of those girders is at a lower level than the Imttoiu of tlie oiitNiile main ginlera, inasmuch 
as it was impowiblo to obtain sufficient depth without resorting to this arrangement. As it Is, tho 
depth of these girders is only 5 ft., nr ^ of the span. If the apans in the fan had lieen 154 ft., 
the interior plate-girders instead of being ^ would have boon less than of the span. Hence the 
advantage or introducing the smaller s|miis of 100 ft. The elevations and scetioiis f»f the interior 
plate^ginlers are shown in Figs. 154.3, 1544. They are of the ordinary construction, and weigh 
about 20 tons each. 



The outside main girders do not make exactly the same angle w ith the centre lino prodneed 
of the parallel portion of the bridge. Tho shape of the fan is therefore not acenmtely that of an 
isosceles triangle — the distance Ix-twoen the centre luie of the fan and the centre line produced of 
the parallel portion of the bridge, being 7 ft. 9 in. at the Middlesex abutment, Fig. 1503. TltC4»e 
outside main girders, which are over the centre of the outside rvlimlers of the piers, are raised 
above the interior plate-girders by cylindrical making-up pieces of the same diameter (H ft.) as the 
upper lengths of tne outside cylinders. Fig. 1538. These cylindrical pieces are hlled with brick- 
work in cement, resting on the\jcd-pUt«>, tho top being eovorc4l with a Led of an inch in thicknens 
of Portland c«'meut, raisol | an in. above the top of the cylinder, and forming the bearing surface 
of the girders. 

Tho triangular spaces between the outside main girders and the outer interior plate-girders are 
filled in with cross-girders, rivetixl to the sides of the latter and suspended underneath the former, 
attd are terminated by cantilevers pn>jccting beyond the facc-ffirtlors, Figs. 1503, l.^tg. These 
cantilevers are similar to those outside tbe main girders of the 151-ft. o{>enings, and like them are 
placed al)Out 11 ft. apart fmiu centre to centre, thus preserving the uniformity. 

The girders of the fan rest directly on their supports, no rollers being interposed, excepting 
underneath the outside main girders, where they rest on the Middlesex brick pier ami abutment ; but 
the bearings for the interior plate-girdors on tho east-imn Ix'^l-platc over the cylinders are planed. 
The ends of the rylinders on which the bed-plate rests are also planed. 

Ao>i<f)ory and Footpath PlatfortM . — The romlway platform over the openings 154 ft. span, con- 
sists of planking 4 in. thick, spiked to longitudinal timbers, I.") in. by 15 in., placed nndoriioath 
the rails, and twited to the cross-girders. The roadway platform over the fan end consists of 
planking 0 in. thick, secured to the interior plate-girders and to longitudinal timbers s{siiming 
tlie cross-orders in the triangular spaces, ny nljHiidoning the longitudinal tlnilx-n» in tho fan 
over the uiallow interior plate-girders, which the arrangement permitted, additional depth was 
obtained for these. The footpath platform on each side consists throughout of planking 6 in. thick, 
Bocored to the top of the cantilevers. The roadway platform is covert with tar pavement about 
2 in. thick, and the footpath platforms with asphalte 1 in. thick. The longitudinals and the whole 
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of the planking are crooaoted, and the latter U grooved and tongued with iron, and caulked with 
tar and oakum. The raila over the bridge arc dat-bottoraeil, and of the ordinary aection. On 
tho outside of the foot|«th an omameutal railing, of cast-iron, U fixed, Figs. IMS to 1M8. A 


1546. 



railing of a pattern generally similar is fixed to tho main girders on the inside of Uie footpaths, 
to prevent the railway being trespassed u{>on. 

()n the Charing Cross railnsul there are several small iron bridges, many similar to Broad wall 
Bridge, Figs. 1M9 to 1553. This bridge consists of six inner working girders and two face-giidera 
with a light parapet 
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riveted to the up|>cr 
flange. It has a span of 
41 ft., and the depth of 
the girders is 2 ft. 6 in . ; 
top flange. 16 in, wide 
by } in. thick, riveted to 
web by two angle-irons, 

4 in. X 4 in. X I in., and Ja 
pierced with holes for h 
I rivets every S in. on * 
each side ; bottom flange, 

15 in. wide by I in. thick, 
riveted to web by ta’o 
angle-irons 4 in. x 4 in. x 
I in. : web, I in. thick in 
seven sections, connect- i 
ed at vertical joints by [ 
twoX-irons,5 x 2^ x 

At each end of girder there is 
a bearing-plate. For face-girder, 
top flange, 9 in. wide by | in. 
thick, not centred with web, to 
which it is connected by two angle- 
irons 3 X 3 X 

The girders in this bridge are 
braced by a system of diagonal 
bars, 3 in. X I in., oonnoctetl to 
gilders by means of short pieces 
of riveted to top and 

bott^ of webs about G ft. 8 in. 
apart. 

In addition to the ordinary 
angle-iron cover, a strip is riveted 
to the opposite side of the girder. 

The weight of the six working 
mrders is 26| tons ; of the two 
face-girders, 44 tons ; and of the 
whole hridj^ 43 tona 

WgUingUm Stnet Brid^. — This, 
on the same line, is the largest 
single-web girder bridge on the line, the length of the girders being 134 fl., and the span on skew 
118 ft The girders are 12 ft deep at centre, and 9 ft. 8 in. at the ends. 

The flanges are 2 ft 6 in. wide, riveted with six rows of 1-in. rivets. The top flange is built up of 
five { plates at centre, reduced to three at ends. In addition to the two angle-irons which connect 
this flange to web, there are two others of the same site, 5 x 6 x riveted to each edge, Figs. 
1554, 1555. The bottom flange is built up of one ^ and four | platea, reduced at ends to one 
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and two { plates. On each side of the upper side of this 6an^ a bar, 9 In. x is riveted, 
is is shown in Fip». 1554 to 1558. Ki)ir- siiows the way tlu« plates break joint. 


The web-platcs, with the eiception of the end ones, 
are 2 ft. 2 in. wide, the end ones boing 2 ft. wide, as 
shown in Fig. 1.558, f thick fora length nf nine plates 
at either ciui, and ^ for Uie reinaining distance. 

Referring to Figs. 1558 to 1558, it will l>e Jieen thnt a 
^ plate is riveted to the eucla of the girders by means of 
anglc-iron <fus»ftsy 3 in. x 3 in. x ii in. ; also, that at the 
two end wob>joints 1 ^uj«<’t<plat4‘s are riveted, with simi- 
lar angle-iron. After the bridge was ereete<l. it was 
found neoutoary to stifTuu the ends of the girders by 
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attaeblng'reverse angle-iron, 3 x 3 x i, to tbe end and gus^t plates. The intormcfliato vertical 
joints of web are connected by two ^-iron gussets, 0 x 3 x }, and two strips, ti x } altcmntoly. 
These strips, as shown in Fig. 1551, are cmnke<l to set over the longitudinal angle-inm. 

One end of each girder was provided with a bearing-plate, 5 ft. x 4 ft. x J ; the other end had 
attached to it a cast-iron plate, 2 in. thick, to bear on eight rollers, in. diameter. The roller- 
beds are also of cast inm, 2 in. thick, and further strengtlieueil by having three ribs, 3 in. deep, cost 
on ; the roller-frames are of wrought iron, 3 in. x 1 in. 

A longitmlinal section of this roller arrangement is shown in Fig. 1558, and a transverse section 
in Fig. 1557. 

In Fig. 155$ the lengtlis of top and bottom angle cortrs are shown by the number of rivets in 
each. The first have seven and eiglit boles in each arm respectively, and the secoud nine and 
ten ; so that, ainoe the rivets are 4-in. pitch, the lengths are 2 ft. 8 in. and 3 ft. -1 in. 

The ordinary lengths of 


Angle-bars 13 ft. Joints to flat bars .. .. .. 3 ft. 4 in. 

Flat bars, 9 X 17 ft. 4 in. I.aminatcd plates C ft. 8 in. 


The dimensions A A, Fig. 1558, are 16 in. eacli, so tliat they contain four rivets in the direction of 
length of girder each. Considering one plate only, since there arc six rows of rivets, wc Imve nu 
aggregate of twentv-four 1-in. riveU, or a sectional area nf I8‘84 wp in. against 14‘7G sq. in., the 
sectional area of a bottom plate through a line of rivet-holes ; or an excess in area of riveU of 4*08 
eq. in. 

The crosa-girders are 41 ft. G in. long, which makes the distance, centre tocentre, of main girders 
39 ft. The distance, centre to centre, of the cross-girders theiiuselveH, is 4 ft. They have a central and 
end depth of 2 ft. and 1 ft. 4 in.; the Ganges are 15 in. x connected to a f web by 4 x 4 x J 
angle-iron. The top flange has also riveW to it an extra plate, 19 x 1. for attaching roadway 

( date. Fig. 15.55 is a section of one of tbe girders, showing a road-plate attached at B. The 
ength of the girder is divided into eight panels by vertical T^-irons at joints, 5 x 2| X 

At each end of the bridge there are also shorter cross-girders; but they arc the same as a 
41 ft. 6 in. girder, with a piece cut off one end. The ends of tlio cross-girders are riveted to the 
mains with twenty-four rivets 1 in. diameter. 

To tho ends of the cross-girder, a cast-iron cornice, C. Fig. 1.5.54, is bolted. 

The rivets tiurough longitudinal angle-iron and webs arc 1 in. diameter, and through vortical 
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Tho main WiX-Riitlen*, which arc 110 fl. h>nj^, have a c<'ntral and cik! depth of 10 It. 6 in. and 
8 ft. 10 in. : both flaii^ca are 2 ft. G in. wide ; tl>e top is built up of five plates at centre, nxluced 
to four at tfuls ; the Uittoin is built up of one f and four A plak^s at centn% riHltuHil to one { and 
throe ^ at ends. Each flange U connected to the webs by four angloirons 0 x G x : eight in 
the whole section. 

Tlie two end web>platea at either end of each line arc 2 ft. wide, and the intermediate ones 
are 3 ft. 

The ginlew are braced internally at aoven {loints by a system of lattico*bars. shown in Fig. 1559 ; 
the Ijttm are 2 X }, and are riveted to Y 'irons, which, in this t^aao, are sulwtituted for tlie internal 
strii^ 

The cross-ginlera, twenty-four in nund»er, have flanges 15 in. wide x } thick, riveted to a 
J web by 4 X 4 X J angle-iron ; they are 2 fl. dw‘p, and each end is riveted to the main girder 
with twenty l«in. rivets ; the wed) is divided by vertical X 'irons into eight iianeU. 

Tlie weight of both main ginlers U lOG^ tons; of all the cross-girders, 71 tons 12 cwt.; and of 
the whole bridge, 214 tons 17 cwt. 

The roBtlway is on the second sysU^m, Fig. 1559. 

The constructive arrangement of the bridge, exhibited in Piga. 1562 to 1569. introduced by 
Albert Fink, is a rurxUflcation of the principles employed by Bollman. In this liridge a pair of 
diagonal tensiondiars connect the foot of the princifial strut, or king post^ in each truss, with the 
ends of the top chord. This {mir of diagonal Imrs support one half of the whole weight of the truss 
and its load. Each half-sfian is subdivide*! by a strut, aiul two diagonal tension-b^ extend, one 
t«j the neamst end of the top chord, and the other to the top of the centre post. Each quarter- 
p^ian is again subdivide*! into eighths, and those again, for spans greater than 100 ft., into six* 
te<.‘nths. In a trutw* of this kind, of sixteen panels, the weight at the bottom of the stmt nearest 
to either of the piers is distributed thu.H : — (.*alling the weight one, one half is transferred directly 
through a ten«i<m*rtMl to the marest end cd the top chord, and to the pier. The other Italf ia 
carrif<i up t*) the t«>p of the second strut from the pier, and is receivi'd at the bottom of that strut 
by a i>air of tension-rods, which divide this half l)ctwe«?ii them, one fourth being taken directly to 
the nearest pier, while the other fourth is traiusferred to the top of the strut at tlie quarter-span. 
This fourth is again dividf^ at tlie foot of this strut, one eighth lacing transmitted through a 
teusion-riHl to the nearest pier, while the other eighth paiuw« to the h>p of tho middle strut of tho 
and is received at the foot of this stmt bv the main tension-rods, each of which transmits 
one-sixt€‘<mth of the original load to each pier. Yhus the weight at tlie foot of the first stmt from 
the end of the truiw is distributed thus : — (^e-half, one-fourth, one-eighth, and one-sixteenth, or, 
in all, fiftc*‘n-sixteeuths of that weight reach the U»p of the umrest pier, through four convftrging 
sets of tension-rods, while the remaining sixteenth ri'aches the opposite pier, after being brought 
to the foot of the esmtre strut, through tho intervention of three wparah* systems of U'nsion-bars. 
>Vith the exception of the load at the foot of the centre strut, which h*d is traiismittc*! directly to 
tlie piers, the loads at the bottoms of the vertical struts are more or less sulxlividetl la^forc reaching 
the ends of the truss. In 1852, A. Fink erected a bridge of three spans, of 205 ft. each, acrosK 
the Monongahela Itivcr, Figs. 1^>2 to 15G9. The trns(*es for a aingle line are 16 ft. a^iart from 
ci’ntre to orntr**, and the main t47nsion*chonla are attached to the foot of the centre strut, 22 fl. 8 in. 
lielow tho centre of the top chon!, thus giving a depth of truss equal to 0* 1 1 of the Tho 

topchonis and the centre stmts are of cast-irtm pipes, octagonal in their external fimn, 12 in. 
diametor betweem their parallel stirfncea, and 10 in. in internal diameter, thus giving 41 in. of 
section. The main tension-rods in each trne* arc each formed of six l*nra. 4J in. by 1| in., giving 
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a section of 33J sq. in. The vertical struts, with the exception of the centre stmt, arc cast-iron 
octaj^onal pi)<eH, 8 in. in extcnial ami 7 in. internal rlmmoter. 

rA^tn anti .SusfitiuitM Suppiwo a perfectly 0exible chain nr coni of uniform density 

and tluckncss to be snspendt-d from two fixed |x>into, A and B, Fig. 1570, and when in equilibrium 
to form the curve A 0 B : this laTo. 

curve is temie»i the Oi/caory. The 
equations of this carve, o( no much 
in mechanics, )>eing of 
a mixid ex)K)iu'ntiul kinil. maUie- 
matioians were obliged t*i reitort to 
gucewing anti all sorts of dodges, 
to obtain results which were often 
very far fn>m the truth. The 
results here refemd to can now 
1)0 obtained with the greatest ease 
by direct procesacs of the duai 
ealcuiun, tn all endless variety of 
ways, without the use of taGles. 

It may be ui-cesMry to inform the 
itwder, that here, as elsewhere, 
wfl accommodate those inexpe- 
rienced in such innuiries with so- 
lutions under simple forms easily 
intelligible. 

To find tKe Eqwitions of fAc G/<#- 
nnry Cutrr . — l.et O be the lowest 
point of the chain or cord A O B, Fig. 1570. OMs»;Mr=y: and the length of the arc O r = «. 
Again, let v be the length of a portion of the chain, the weight of which is oi|ual to Uic tension 
at <). If wo suppose the part O r rigid, after it lias aiisumed the form of etpilibrium, it will evi- 
dently be supporttd in the same manner, and the tensions at O and py r will be the same as when 
it swung loosely suspendctl from the {>oints A, B. Op<7r is therefore kept at rest by three forces, 
namely, the tension at O acti^ in the direction of the tangent Q Y, the tension at the jmint p^r, 
acting in the direction of p ^ the tangent to the curve at the point p 7 r, and the weight of the 
piece of coni or cliain Or, acting in a vertical direction. Because the three forces just described 
are rcspectivelv in the dinctkms to the three aides of the triangle TpM, the forcce being in 
ociuiltbrium will bo proportional to these sides, 

lIcDce, (Weight of Or) : (Tension at O) TM : Mp. pqr represent a very small right- 
angled triangle, similar to the larger right-angUnl triangle T Mp : in the language of the differential 
calculus 7 r is represented by d x, rp by <fy, and p 7 by d «. Whence, t being put for a piece of 
cord or cliaio, the weight of which is equal the tension at O in the direction of the tangent O Y ; 
dy V 

therefore, 1 1 v II dx I dy -7 • =s - , 

’ • dx * 

In every plane curve (d »)* j= (d x)* -I- (d y)*, and, consequently, ^ 



T ,, , . 

, In the oaUnary s= : , or d x : 

' dx s * 


«d» 


Taking the integral of this last equation, and observing that $ ss 0 when x = o, wo obtain 

ors* =x*q-2ifx. [I] 

I variables. 


X -b p a V V* -f **, 

When e is determined, [1} is the diuatiiHi of the catenary expressed by x and s 1 


dy 

Again, because — = — = 
d X * 


* V X* + 2px 

7 = !'«• 


, which, being integrated, gives 


i + t + Vi> + 2 PX 


x + 0 i^x*-|-2px 


[ 2 ] 


• being put for the base eff the hy|)orbolic system of logarithms, [2] is an en^tion to the curve 
between the variable co-ordinates x and y ; p l^ing unknown, but constant. The dual logarithm 
of • = 10", written i (t) = 100000000, t s 2 718281828 .... 

X ^ p 

Transposing , and squaring both sides of [2], we obtain 




(x 0» x> + 2rx 


[S] 


P* "" P* 

• x+r= + .->y 

Furllier, bccmiw, [1] = (x + r)> - t", .nd ^ = -t--! — ; (,• - 4 

r JT-fxPx ^ 2/ XT 
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[4] ii an equation to the caUmary between tbo variables i and y; it is to be particuInrlT 
observed that o u unknown in [1], f2J, [8], [4], 1ml not variable. Huppose f to be the k-ngtfi 
of a portion of the c»r<i or chain whieli is et^ual to the tension of Q, then U K = x, K Q = y, 
O Q s jt, and $da ss tdT. DUTerentiating [1], or «* = x* 4> 2 o x, 

gives «d« s xdx 4- odx tdx = xdx + pdx; dividing by dx gives t s x + e. 

Now, suppose the tension at Q to be balancecl by means of Q H, a portion of the chain 
p^ing over a pulley at Q ami hanging freely; then Qll = x4-e s OK + r; ponae«piently, 
FKs YD=OC=r, evidently a constant qnaiitity, although unknown. Hence, if the tension 
be suppoHcd to l>e balanced by im'ans of portions of the cliain or flexible btsly hanging over 
pulleys at the points /> ^ r, Q, A, the lower ends will be in tho same horizontal lino, R, D, C. 

(Atcj. — A heavy flexible chain, each foot in length weighing 20 lbs., is susjwnded at its 
extremities to two fixed |wints in the same lu>rizuntal line, KM>‘2 ft. asunder, the gnahat depth 
of tho curve being 15*8 ft. It is rtxiuirud to find tho length of the curve, the Uuision at the lowest 
part, and tho Umsions at tho points of suspension, by direct calculatiui, without the use of tables, 
or methods of approximation. 

In dual arithmetic w*e have throe corresponding numl)ora, namely, natuml numltor, dual 
nnmber, and dual logarithm ; any one of thtwc cornapunding numl>ur8 being given, tho other 
two may be found by a few simple additions and subtractions. 

'\Ve have first to put equation [3] in form to be oj>eratod upon by dual arithmetic. 

* + ' = [3] 


When y is put » I, x may bo represented c*, x and y being both given to find the value of p. 
Hence [3] becomes 2 c* f + 2 = *' H — ~ 


2.. (i) = .V- 2 + 4: = _ 4 ... C (i)l = 

... ..J 




Potting ^ becomes 


2cv» * — r. 



or. 


[5] 


This question being the first of the kind solved by an independent and direct process, without 
employing tables or approximate methods of trial and error, it is therefore necessary that we should 
be particular with respect to details. 

The dual h^arithm of 2 is the whole nnmber CU3J4718, written (2) » 63.814718,. This 
logarithm is of the ascending branch, marked by a comma on tho right of the Ir^rithm below, 
and immediately after the arrow. The dual logarithm of the reciprocal rtf 2* or of J is nqiresented 
by the same whole nnmber ’63314718, and written, I, (J) = ’63314718; this logarithm is of the 
descending branch, marked by a comma to left of the logarithm above. When 63314718, is consi- 
dered praitive, ’63314718 is considered negative, and eicc renn. 


1 Nslarsl Numbm. 

! Dual Numben. 

Dost l/ngariUuDt. 

200000000 

*50000000 

1 7, 2. 6, 0,7, 8, 2. 6, 
] *6 ’6 ‘0 ’6 ’8 *2 ’0 ’2 

69314718, 

’63314718 


(10) = 230258500, and;, = ’230258509; 

the same notation and arrangement is applied to other natural numbers and their reciprocals. 8eo 
tho Editor's works on Dual Arithmetic. 

15*8 

In the question before ns, c* = = ‘29755178307 ; 

I, (2 c) = 1, (1 •09036616) = 1, 0, 8, 7, 4, 6, 4, 5, 5. = 87063C9, and [6] becomes 
1 09096CI6Vs i, (0 = 10« = 100000000. 


Tbcn, pntting t<„ for tlie first dual digit of s t, (t), and 'u, for the first dual digit of tho loga- 
rithm of — X (f) the reciprocal to s |, (*) ; ’m, is nearly =s «„ but less than a,. 

To place this matter in a clear light, it is only uecessary to obaervo that 

If i = 1 1, 0, 0, 0, 0, 0, 0, 0, then = 1 ’1 1, 0, 1, 0, 0, 0, 1, ; (9531018,). 

= ;2,0,0,0,0,0,0,0, „ i = ;’2 2,0,2,0,0,0,2,: (1906203fi,). 

„ = 1 3, 0,0, 0,0, 0,0.0, „ i = i ■3 3,0,3,0,0,0,3, ; (28593051,), and K on. 

X* 
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J, (x) = J, (1 • 1) = t, 1, 0, 0, 0, 0, 0, 0, 0, = 9531018 ; 

1, ^ ~ *•*>*' = '9531018; and do on. 

These things being premised, vo havo 

1 + i [« — (1 - t [«'i . . •) = 2 c V » = 2 V», X (-9531018) : 

but since U) is nearly equal to w\, in order to find a convenlcRt value for u, the last e«|uation may 

be put under the form, + x (‘0U33101H) 

=t?», ( 09531018): oru, = 100 o’ ( 09531018) : 

which givco «, = (-29755 , . .) (100) (-OO-M . . .) = 2'835 .... Becanse 2-835 ... is law 
than a convenient value for U|, imt greoter than the oorrcsjxmding value of u\; consequently | 3, 
is a convenient value for n,. By pursuing a similar proceas of reasoning, r ns far as the fourth 
dual digit will bo found to be equal | 3, 0, 3, 4, ; the next stop gives the four succeeding digits, 

and at the (nme time develops the general pl^ of operating on such equations; besides, any 
mistake that may be made in the preceding operations will be aetected, 

i, (1*33553107) = i, 3, 0,3, 4, 0,0. 0,0, = 28932004, 

Reciprocal, '28932904 = T. *2 7 *8 ^ *5 '1 ’6 *5 = j. ( *74876579). Putting *, for the dual logarithm 
of I ^0, 3, 4, u„ . . . divided by 10®, or s, = *2&>32yo4 + *00001000 u^; now equation [5] becomes 


4*» - 2cV'*28932904 + -00001000 w, = 2 c V *28932904 1 + *00003803 «, = 

(i 0,8, 7, 4, 0,4, 5, 5,) *^2^^904 (I + *00001902 «,) = *586823*20 (1 + 00001902 u,) 


*58682 320 

1528 

1 


because 1 + '00001902 may 
be taken for the {K^uare root 
of 1 + 00003803. 


1110 

*00001116 for *00001902 

2 c V^”28932904 -1^00001000 «, = *58682320+ *00001116 11, 

= 1-33553107 (1 + 1 [»,) - -7487B579 (1 + t [«’. . . 

1 -33553107 (1 +,l [», . . .) niBT be put = 1 -33553107 (1 + -00001000 u,), 
and — -74876579 (1 -t- i [«', . . .) may be put = — 74876579 (1 + 00001000 u,); 

.-. = -58675628 + 2 08429686 (-00001000 «,) 

.-. -58675628+ -00002084 »,= -50682320+ -00001116 b, .-. b, = .5^ = 5-983 

968 

10»r = i, 3, 0,3, 4, 5, 9,8,3, = 28938887, .-. »= ^ = -2893887 

2 V 

p = 1*72777897 true to the last figure, when y = 1 ; when y = 53* 1, c = 91*745063 ft. 
From [11 = x(x +2r) = 15*8 (15*8 + 183 *490126) /. s = 56*11395 

the length of the whole curve, Q O H, Fig. 1570, is 112*2279 ft. x + c= 107*545 ft. 
Tension at the lowest part = 91*745 x 20 = 1834*9 lbs. 

Tensions at points of suspension = 107*545 x 20 = 2150*9 lbs. 

— The length of a heavy ficxible chain A O B, Fig. 1570, is just double the horizontal line 
A B, joining the points of suspension A and B ; retjulnd the pressure on these points and the 
tension at the lowest point O ; the distance of O from the horizontal lino A B is also ra^uirod. 

If A X = I, the length of half the curve, or A Q O, = 2, and equation [4], beennes 

2 = ^ ; and putting s = i«*— i = 4». 

When * = 2* the dual logarithm of •* is nearly = the dual log. of 8* : 4 » = 8* also. It moy 
be remarked here that, in Ofwmting with the dual calculus, we may take dual digits much greater 
or much h’as than any particular one pointed out, and obtain, without tentative artifices, a 
result as near the truth as wo jilease. Sin«> this method gives the same result as near the truth 
as wo please, by several direct processes, it presents a series of dirf*ct operations, ami not a succos- 
ainn of appmximatu trials. 

1, (7*:i8tK)5604) = *200000000, and 1, (*13533528) = '200000000 ; consoquentlv wo may assume 
7*38905604 (1 + I [u, . - *13533528 (1 + i [«', . .) = 4(2*200000000 + *09531018 «,); (A) 

200000000, is increased by 9531018, for every unit in a, ; and 2*00000000 by *09531018. 

To find a oonveniont value for «„ (A) may be^imu 

7-2.5372076 + 7-52139132^ = 8-00000000 + -38124072b, 

.-. -37110841 B, = -74627924 .-. b, = + 2 or i 2, 
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In pmctioo, ODo-tontlx of tho fi^^uros here employed would not be required to find thmt [ 2, i« • 
couvenient value for h,. Thia mar he too Kreat, hut that ia of uo oouaoquuuee, a« the next digit 
may be negative to oouqNiiuHito for the oxccaa in taking 

a, = 1 2, 2(XK)000O0, + Umi203«. = 1, (8 U4075744) and ’211Khi’203« = j, (’U184731). 

To fitul a eonvenieut value of the otiuation now takca the form, 

S tMW757H (1 + IK • -) — -H1H4734 (1 + t C“# • ■) = ■* (21iKMi2136 -f • 00005033 u,) ; 
therefore »D nuiy i>ul 8-82SU1010 + 9-O5afi0l78 = 8-7C248U4 + '03380132 m, 

- 1- or = iO. ’1. 

For every unit in wo employ 005033, and *00005033; but for every unit in 'u, we employ 
’1005034 and — 01005034. 

2100t?20:k», 

•1005034 


218057002, = i„(8*85l34084): ’218057002 = J, (* 112077175) 

8-85134984 (1 1 [«,) - ’11207718(1 + tC“i • .)= 4 (2* 18057002 + *00090950 a, ) 

Thia gives m, = — 3 or j ’0 ’0 *3 

This proceaa being oontinued gives r = 2 |2, T ’3’3 5,0, 5, 2, the log of is 217731902, 
for L ’2, ’1 ’3 ’3 5, 0, 5, 2, Putting B for tho ba«} I *00000001, then = ,r .mi,*. 

The rociproeal of 2* 1773190*2 s: *45028042 = r, the length of chain which is = tension at O. 

Butaa^4-2ox = #*; jr = 1 • 592770 = X O. 

X + e = 2 * 052050 = the length of the chain that amounts to the tenafon at A and B. 

Ques. — Given tho length of a h^vy ftexihlu chain R Q O H N = 1 130 ft. (2 a), Fig. 1570 ; this 
chain liangs freely over two pulleys Q, H in the same horizontal line Q II, = 220 ft. (2 ; required 

tho |)ositi(in in which it will rest, the length of Q R, and tho length of chain that ia diual to tho 
tension at O. Let Q£;OQR::l!aor5ta;;lIn. It is evident that when tho chain ia in 
a atat(> of rest, what in tlie foregoing qiiestiona was the pressuru on tho points of Hti«{>ension Q, H, 
will be e^iual to the weight of eitlier H N or of Q R = x + '*« the parts hanging vertically. Putting 
$ = the length of U, when QK=lsy; OQR = a; and Q F =: £ O = x, then x 4* + s — " ; 

c = F R = OC. 


From 


[3]. * + ' = i(*’+T) 

From [4], , = 


, since y = I. 


Whence, from abiding these equations together we obtain x4-e-ps = ns=v«* 
i, n = i, e + 4, f • • ^ = i) ® ^ it » » I, n = P 1, e + e J, n — j, • = r e 

n* 1 / 1) Y 

or — ss V* or — = 1 — I 
• • \»/ 

Taking tho — root of both iddea of the last e<iuation wo obtain an equation easily solved by the 
dual method. i putting * for 1 

1 I 

Hence we have the final cjqualion ** or *],» = j, =i_|, 

Before the introduction of dual arithmetic, independont and direct solutions of eipiatioiis of 
the above forms could not be effected. 


* = 


lY-i = ’10000O000: and — = i= i; 1, z = ’20000000, 

\ * / n 5 a *’ 

0, '6 2, 5, 6, 8, 3, 3,= 078658307; /. r = *393291535, soo Byme’a •Essential Ele- 


ments of Practical Mechanics,* p, 121. The raluo of r, = — , not attainable by any previously 

known method, may be almost instantir obtained under a variety of forms by the dual calculus to 
any required degree of accuracy. In tfie present case, 

z= I '0 '6 2, 5, 6, 8, 3, 3, 1,7,: z = i i 4, 7,’i, 1, 9,8, 2, 2, = '078C58307, and «o on. 

L'lider the last form all the dual digits are positive. 

^ = ’254264202 .*. ( 7) = 2^*^64202, 

.*. — = 12*7132147; and hence — s 2*54264294. 

e V 
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ISut we bare before ebown that 

n = c ( 7 ) = It ( = 2M2&4202, and I = '254264202 ; 

■VMience i = becomo§ knoniL. 

f • ' 

$ = (12-7132147 - -078658307) = (-303291535 x 6-3172782) = 2-48148448; 

Because, x + ir + « = n = 5. A x = 2*12222398. 

In these ealculatienii, Q £ = y is pat = 1 ; bat in the question, Q £ = 113 ft 
A X = 239-8113097 ft = £0 = QF; « = 2H0 • 74675 ft. = are Q O ; and e = 44-441966 ft 
= F R s O C = the len^h of chain that is c^ual to the tension at O. e + x = 284*253254 ft. 
s Q B = the length corresponding to the tenaian at Q or H. 

Que $. — In the Chelsea Suspension Bridge, Thomas Page, engineer, the central span between tho 
piers is 348 ft. with a deflection O X, Fig. 157i| of 29 ft.; supposing the entire weight of the 



chain A OB, when the weight of the platform, roadway, and full load is transferred to it, to 
be 1*5 ton for each foot of its length, rctjuired the strains at the highest points A and B, and the 
tension at the lowest point O, as well as the length of the catenary ctuwo passing through the 
points A, O, B. 

= 174; = 1 = c* 2c = -81649658. 

Whence eqoation [5] becomes 

-81649658 ,/» = .•- i =20,^7; [c] 

s being pnt for e representing tho length of tho chain, whoso weight is equal to the tension 
at the lowest point O. 

Wo propom to And the value of v under tho form | U| «, u, . . To find a convenient value 
for H|, assume « = | U|, then [a] gives 

(1 + i [«p. .) -(1 + t Tu, . .) = 2e%^7=2e^/*i, x *09531018 
9531010, being the dual of a logarithm of 4 1, or of each unit in H|. Binoe wo arrive at the exact 
value of *, whether we assume U| too great or too small, 

(f *b C“i) — 0 “ C**i) = + 2 ““y ^ = 2c V «| X *09531018 

.-. = C*(<I, X -09531018) = i (», X -09531018). 

IW o 

, „ = ™ = ,. 59 . 
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The reciprocal of or **i, may be put = | ’1 *5 . . . . or «„ = J 1. 7, 

j, (i i 7 y» 4 tthy) = i, 7 »o,o,o,o,o.o, = lenycsid. 

R*-r|jmiml = ’HHHT>‘i49 = t, 'I '5 *9 *3 ’4 ’5 7 *7 = (-847925M). 

It 18 easily found that o, is tho most convenient value for u„ hence we may put in [a] 

I = i I,7,0,«„ 

/. «■ — — = 2cV^lW9WiS)+ 'OOOlUOOOu, 

= 2c V -iGiixaia (1 + ■ooo:»3iou,) = -33102478(1 -f -ooaiosio.,): 

s’ — — may also be put under the form 

1 • I79S4889 (1 + [ [«,, . .) — -847i»25r)4 (I + f r«, ..) = (!• 17034889) O + ‘OOOlOOOfl «^) 
— (‘847J>2.554)(1 — -OOOlOOOOtt,) = -33142335+ 00020373 «« 

.% -33142335 + -00020373t», = -33U1247H (1 + -00OW310ti,) = -33102478 + 00010052u, 
•00020H3 20143 , 

"■ “ -00010052 - 19052 ~ 


» may be again put = 11,7, 0, 1, 9, m-, wlien a greater degree of accuracy is required. 
1,(1*17957297) = 1,7,0, 1,9, 0,0,0, = 1G515249, 

Reciprocal, ’1C515249 = i, ’1 ’SIl’S’D ’ti’2’1 = (-8477C406) 

1-17957297 1-179.57297 

•8477S40C -8477G40<5 

•33180891 2 027331 703 

*0006o|203u^ 


' 2cV*ia515249 + -OOOOOlOOu, =s 2cv'-Ift51.5-24a(l + -OOOOOSOSug) 
= -33181570 (1 + -00000303 u,) 

-33180891 + 00000203 «- = *33181570+ -OOOOOlOlw* 
•00000979 679 

• = ^000^ = 1F2 = ••• 


or « •*“*“‘* - = (-81649658)^ • 16515915. 

To find the value of * in such eqnatitms as [uT, to any required degree of accuracy, and by 
■uch direct, independent, and simple means, is, wUEout doubt, a great mathematical achievement. 

X = ~ .*. c = 3*02738298 = three times the length of OC, 

X + r =s 3*19404964 ; and tho length of tlio catenary enrro passing through the points 
A, O, = Vj* + 2 « j. [1]; 

.*. the length of the curve A O = 1 *01828555. But when A X = 174 ft, then p = 526*7646 ft. ; 
X + p = 555-7646 ft . ; and the length of the catenary curve passing through the points A, O, 11, 
= 354*36337 ft (526-7646) x (1*5) s 790*144 j 8 tons, tlie tension at the lowest point O in tho 
dircctico of the tangent OF, and represented by the lengths of the three lines OC, Fig. 1572. 
(5.55'76r46 x (1*5) = 833-6469 tons, the tension at the highest point A, hut in the direction of 
the tangent AT; Uiis tension is represented by the lengths of the three lines F R, and the linn 
A F. The sectional area at the centre of the bridge = 214 sq. in, ami the sectional area at 
A and 13 = 230 sip in . ; hence a weight of only 5 tons to the sq. in. gives a power at O of 
1070 tons, and at A and B a power to sustain a tension of 1150 tons with ease. 


COMPABATIVK UEBITB OT DIFFERKST SYffTEJCS OF IR08 BrIDGB BPIU>W0 ACCCRATELT EXAWIVED. 
Taken frtim Jnlei GandartTt excellent irorl, * iCtnJe Comparative de Diteri Syttemet de PonU en Fer* 


5t 

F 

U 

P 

p' 

9 

P 

/ 

L 

I 

I 

d 

11“ 

Id 

8 


Gmerai SymMa. 

= Moment of rupture, or moment of resistance which is equal to it ; 

= Stress nr transverse strain ; 

= Rosistaiico the square metre (6000000 for tension or oompresaion, 4000000 for shearing 
strain) (see No. 18); 

= Permanent continuous load, the lineal metre of girder; 

= Moving load, the lineal metre of girder ; 

= Proportion — ~ — of the moving to the whole load ; 

P + P 

= Bometiraes a weight applied to a certain point of a girder, aometimes the weight of the 
girder itself in its length of bearing ; 

= Bearing of the ginlcr; 

- Length of the girder ; 

s Mean weight of girder, the lineal metro (see No. 37) ; 

= Weight of the girder ; 

=s Void between the abutments ; 

=: Weight the lineal metre of girder spanning the void ; 

= Interval between two successive pointa-to which the load is applied, in girders loaded in 
a discontinuous manner ; 
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N = 4 


, ftooordtng an 8 entore an evsn or an odd number of timee into / ; 


/ /-8 
” 2 8 2 8 

n = Number indi<»ting the onlcr of a section of flange or a latticc'bar, the nnmbcring 
beginning at the middle of the l>CHriog; 

a = Angle of inclination of the struta ; 

$ s= Angle of inclination of the ties ; 

A =f Height of the girder ; 

t = Weight the lineal metre of a priam capable of supporting a strain of 1 kilogramme, or 
proportion of the weight of a cubic mfctre to the resutauce per square metre. For iron 
7800* 

. ‘ = ««»5oo = 

U = Coefllclent applied to the flanges, the actual weight of which is always greater than the 
theoretical weight (sec Nos. 63 and following); 

V = Mean cr>efEcient of stiffness applied to compressed bars (see Nos. 68 and following) ; 

A = Supplementary term taking into account tho weight of various accessories inde- 
pendent of A. 

Tlie dimensions of an iron plate ore denoted by the s^bol a/6, the letters a and 6 being 
replaced by numbers indicating respectively the breadth and the thickness of the section. 

For an angle-iron, we write a/b/c or ^ . a and 6 being the breadth of the anna, and c the mean 
c 

thickness ; for a simple Xi ® being the total breadth of the double arm and c its thickness, 
6 the length of the single arm (including the thickness e), and d its tbiekness. 

For a double X rolled, a being the total height, c the thickness of the web, 6 the breadth of 

the flanges, and d their thickness ; and, generally, for a double X» consisting of plate and angle iron, 
we indicate surcewively the dimensions of the web, one of the four angle- irons, and one of the flanges. 

W'hen angle-iron with arms of uneqiml length is use<l, the lesser arm is appUid to the plate 
and bears Uit* UdU, and the greater forms the projecting mouldings or flanges. 

1 . Mom/mtt fit oad Ttamrctne Strain for Girdern retting frnly u/wn Tvo Supports. — I^et us 

consider, Figs. lf»73, 1574, a portion A B C D of a girder included l>etwecn any section C D and a 
sunport B, and su^ected to various loads or verti- 
cal forces, as P. The reaction of tho abutment 
is a force R also vertical. The reactions exert^ 
at C 1> may be reducoil to a force F ami a couple. 

The other forces Wing vertical, F must be vertical 
also: it is in equilibrio with the vertical trans- 
verse strain in the section considered, the value 
of which is F = R — 3 P, the sign 2 indicating a 
sum. Tho condition of equilibrium relative to ^ 
the moments of tho forces requires that the moment 
of tho couple, or moment of retisiance of the section 
C D, should be (H^ual U> the moment of the other 
forces with resj)ect to this same aoction. This latter moment, called moment of rupture, has the value 

M = Rx — 3P(jp — a-,). Its differential — — = R — 3 P = transverse strain. 

dx 

1 - of the girder, is besides subjected to a sliding strain upon its longi- 

tudinal flbros or horizontal tmuKverse strain. Indee<l, if wo conciuve the fragment COO'C', 
limited by two swtions inflnitcly near CO,C* O', and by a horizontal fibre O O', this fragment is 
subjerte<l, upon C O, to a certain pressure T, and upon C' O' to T + dT; the resultant dT ought 
to be hehl in equilibrio by a force of adhesion R, cd x upon O O' (e = thickness of the web, B. = 
resistance to shearing strain. 

The maximum of this action occurs when 0 O' is situate upon tho nentral axis ; for then T is 
resiste<l by the force of all tho compressed fibres situate above this axis. As the flange has a 
section usually greater than the rib, and, besides this, contains the fibres which ore most nct<Nl 
U|wm, the {mint of application of the resultant T will W very near the flange, and its value will bo 
approximativcly e<}ual to the moment of rupture M dhided by the height A of tho girder. Conse- 
quently we shall have d T = = R|fdx, whoncee = , which may be ex- 

, . , . . , , . " dx R, A B,A 

nlaine<l by sajing that the vertical section eA of the rib should be capable of resisting a shearing 
force cq^l to the transverse strain, a condition which enables us to calculate the thickness e. 

2. Mtyment of Rupture ami Transverse Strain due to a Load uniformly disfritm/cd. — If the load p 
per lintal metro extends throughout the whole length of l>caring /, the figure of the momenta of 

rnptare will be tho parabola M = i px (1 ■ 



x), the ahsciaso) being reckoned from tho abutment. 


This jmrabola has its axis vertical, and tho value of its parameter is - ; tho nmTimtim moment in 
the middle tho bearing ia , The IraiisverM! strain is represenltd by the right line having 
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for equation ^ = P ~ i it ia = 0 in the midillo of tho bearing. Considering the beginning 

of the co-ordinates in tlic middle of the ginler, wo should have ^ ^ f F = —py. 

3. Let us now mnsidcr a load j' per lineal metro, uniformly dititriunU>d as p, but extending 
only over a portion of tho bearing includtHl between the flxe*i abscissa) x =: a, aud x = a + 6, 
recKoned from the left abutment. Then, in tho hnit interval, of length o, the moment of rupture 

due to p' will be represented by a right lino M = — y (2 / — 2 a — 6) x ; in tho secfjnd interval, of 
length 6, by an arc of a |iaml)oIa tangential to the preceding right lino, and exproasod by 
M = ~ (2 / — 2 a — ft) X — ^ p' third interval, of length / — a — ft, by a new 

tangent to the pambrda, namely, M = ^ G “ ^) • figure of tho transverse strains u 

a broken line, the extreme portions of which are horiwmtal. 

For tho maximum of the moment of rupture p' must oxtend over the whole bearing : bnt for 
the maximum of strain at the point, tho abscissa of which is x, p' must lie only lietween this point 
and Uie most distant sup|Mirt. If it lies Iretwi'cn the point in question and tho right abutment, 
the force is positive, if we consider as |s)sitive those forces which aid upwards ; it is expressed by 

F=i;(/- 


■ x)*, and is consequently represented by an arc of a parabola, tho oniinate of which 


upon the left support is A C = , Fig. 1S75, tho ordinate in the middle O E , and tho 


onlinato at D = 0 ; this latkr point is tho summit 
of the {larabnla. When, on the contrary, the Io»i 
is placed upon the length included l)otwefn A and 
the point the abscissa ^ which is x, we have as tho 
figure of the straining forces, then negative, another 
jmralKila A F D, having its summit in A, and tho , 
maximum oitlinate of which, absfilntely expressed, j 

Thus tho load p\ by changing its 


i» - n D = - ^ 



{losition, produces at each pointof the baring transverso 
strains sometimes |x>sitive, sometimes negative. 

4. In brief, if we have at thu same time a dead weight p and a moving weight p\ tho maximum 

moment of rupture will be M = - (p + p')x(f — x), and the transverse strain in the loft half 

1 p'j* 1 / X* \ 

hay F = ,^(p +p')(f — 2x) -f ~^~ 2 ^P + P’)( ^ “ 2 x + y 9 j, q denoting the proportion of 

the moving weight /*' to the total weight p + p\ 

The value of tho an^a comprised lA)twcen the figure ^ the moments of rupture and the axis of 

the x’s is £2 ^ ^ maximom straining forces, absolutely expressed, is 

I" (P + F'} ^ ^ 7^ ff>r the whole bearing. Dividing these areas by f, wc shall have the mean 

ordinates of the moments of mpture and of the maximnm straining forces. Bumetimes the effects 
do not de(KU)d exclusively upon F or M, hut u|s»n a function of the form B F — A M. Xow if we 
cniuider uuly p\ this function will bo greatest when p’ extends l>etween the point considered and 

tho farthest abutment ; it will then attain the value ^ — Ax). 

5. Kfeet »f Loada uniformly diatrihutfd at ceri*un inierrola . — ‘WHien a girder supports diacontinuous 
weights P, I*' P", . . . appli^ to points having as their absciawn a, a ft, a + ft 4* e, and so on, and 

jinch that P — g p (a + ft), 1*'= — p(ft 4* «)» ®nd so on, tho figure of the moments of nipturo is a 

|)olygon inscribcil in the parabola which would correspond with a load p per lineal metre, uniformly 
distribuled over all the i«rts of the ginler. 

Bupposiug f^h of the extreme intervals equal to a, all the intenno<liate intervals to 8, and 
/ = 2a ^ N ft, the permanetd weights applied to the points of division will be equal to p 8, except 

at tho extreme points, where they will be ^ p (a +■ 5). The lend p' will furnish analogous weights, 

hut they can be only on a certain numb«‘r of consrcnllvc points of division. The transverst* 
strain for a given load is constant in each interval, but varies from one to the other. In order 
that it mny reach its maximum in tho interval preceding the point having as its abscissa a + k 8, 
the load must be applied to this {loiiit and to all those which follow it, as far as the right abut- 
ment. the ixnnt in question being supposed on tho left of the middle of titc girder. We shall thus 
obtain for this maximum, 


F = ^ip^p^i^. 


2x-M) 


r, , K (v - 1)8* 4*u( 2« 8 — 8 + a) 

I 1 + —T7xr , o ■ . 7 "- 7 


] = 


»(NJ + iu)(N-2« + l) 
hut thia formulu does nut apply whan « = 0. tlmt u for the axtreaio interval ; in that caw? we 

have F = ^ (N 5 + n). 
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6. Usually all the intervals are equal to each other. Making, therefore, a = 0 , and / = N 8, 
we ehttll liuve F=|-(f> + p’) (N— 2« + l)^l + 9 J in the intenal included 

between the abwseiss«D (ir — 1 ) 8 and « 8. This formula holds gntnl for tho first interval. 

To find the sum of tho valu«?s of Uie transverse strain in all tlie inten’aU wiien N is an 
even number, take the sum of the proeediug expression in w’hich « assumes tho sucoessivc values 

1 , 2 ,^, and double the result for the whole bearing. We thus obtain 

N f / N* — 4 \ 

IF = (p + rt-(M--^2). 

and multiplying by 8 wo shall have tho area of the polygon of the maximum straining forces 

absolutely considered. Wheu N is an odd number, find tho sum on the supposition that k 

V — I 

varies from 1 to , double tlio result, and add tho force of the mitUlle interval which will 

correspond with ir = . We thus obtain I F = (p + p') I * 

The area of the polvgnn of the moments of rupture may be found by taking from the area of 
the circumscribed {mralxila N small segments, the chords of which have each 8 as a horimntal 


projection, and the surfaces of which have tho constant value j2 thus obtain for 

N*~l 

tho area sought (p +’p)/* , a formula which applies whether N bo an even or an odd 

number. Wo should have (p d-p*) (/• — N 8 *— 2 a*) {n the more gencrol case in which 


/ = 2rt + N8. 

7 . When wo have to consider an expression of tho form B F — A M, where M denote* tho 
moment of rupture with rosptyrt to the jmint the abscissa of which is k 8, and F tho force in the 
interval preceding this point, we shall raise it to its maximum hy applving the Imul to tho point 
tho abscissa of wltieh is k 8 and to the following points of division as ^ar as tho right abutment, 

K 8 being supposed less than W'c obtain in this way the maxima value 


p'i 

2 S 


(N - s) (N - If + 1) (B - A a 8) , 


the term due to tho permanent load not included. If, on the eontrary, F were the force beyond 
the point the abwriaaa of which is a 8, to obtain the maximum wc should liavo to supi^cga^tho 

weight at this point, and tho formula would then bo (N — a — 1 ) (B — A a 8). 

If the expression considered were of tho fonn B F — A M A' M', M being the moment at 
the fioint the abscissa of which is a 8, M’ tlmt at the preceding point the abscissa of which is 
(a — 1 ) 8, aud F the force between these two {vints, this expression would bo 


R. Miments of Huptur^ prodHCfd bff thf Pa$ffuff of a Wheri. — A weight P applied to the point tho 
abscissa of which isn, reckoning from tlie abutment, would produce moments of rupture repre- 
sented by two right lines beginning at the snpports and meeting at the loaded }a>int where the 

onlinate reaches the value But if this weight P bo a wheel rolliii" from one end of 

the hearing to the other, tho maximum moment at any given point will be prwluco<l when tha 
whe<d is [lossing over this point, and the maximum moments will bo the jiarabala having the 

expiation 3 l = ^ and the parameter p . 

If the girder support besides a uniform load P per lineal metre. It will be sufficient to substj- 
tute for P in Uic preceding equation P -i- ~ . 


But the |iara!xda representing the moments due to P Is only an imaginary one, since at any 
given instant there exists only one of its points, the one determined by the ordinate on the rigiit 
of the looti; and the moments of rupture at tliis instant are the broken lino of which we have 
already spoken. The force F is also not derived from the pamlxila, but the inclination of on® or 
the other of the right lines composing the broken line, ncconling as we wish to find the force on 
one side or the other of the section considered. 

9 . Mimtnts of Ruptwrt prodvrM by Ttro Whffh . — The two wheels oceupylng a determinate 
position, the moments of nipturo are a broken line composed of three right lines. But to have at 
a given point the tuaximiun moment we must bring one of the wheels of the vehicle upon it, 
the other wheel so placing itself that their common distance d remains constant. If the left 
wheel P bo placed upr>n the point the alieciasa o£ which is x, tlie moment of rupture will be 

M = j [Q (f — x) — P* d], Q representing the quantity P + P' + — , on the hypothesis that the 
girder supports besides a {Hrmaneut load p S lineal mitre. 
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